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Methods and Compositioiis for Treatment 
of Solid Tumors In Vivo 



Technical Fidd 



The present application relates generally the field of anti-cancer therapy, and more 
specifically, to methods of killing selected tumor odls using recombinant viral vectors. 

Haelcpmund of the Invention 



Many different therapies are available ibr treatment of various types of human 
tumors. These include surgery, ladiothetapy, chenaotherapy, radioimmunotherapy, and 
neoadjuvant ihenpy. These treatments can be used individually or in combination, 
depending on Aether the tumor is metastasizing or non-metastasizing. 
15 Surgery is piimaiily used for non-metastaazing tumors and is therefore the 

treatment of choice for a variety of potentially curable cancers. In some circumstances, 
surgery may be used for palliation of noncurable cases or for reconstruction and 
rehabiUtation. In addition, surgery plays a diagnostic role m determining the pathologic 
staging of the extent of local and regional invasion prior to resection of the primary 
neoplasm. However, surgery for certain tumor types can be disadvantageous, as the 
surgery may be disfiguring, disabling, or ineffective. For in non-operable tumors, primary 
local therapy with ionizing radiation is often the treatment of choice. 

Two types of radiation therapy have been used to treat tumors: brachytherapy and 
teletherapy. In brachytiwrapy. tiie radiation source is ptaced close to the tumor. This 
25 intracavitary approach is used for many gynecologic or oral neoplasms. In teletherapy, 
supervoltage radiotherapy is usually delivered witii a linear accderator. allowing for more 
precise beam localization and avoiding the compBcation of skin radiation toxicity. Various 
approaches are used to increase the radiation dosage to ti»e tumor area while minimizing 
toxicity to adjacent normal tissues. Radiation therapy is normally deUvered in a 
30 fractionated fashion, having radiobiologic superiority by permitting time for recovery of 
normal host tissues (but not the tumor) fiom subleUial damage during the period of 
treatment. Fractionated radiation doses are usually administered for 5 days per week until 
the desired total dose has been delivered, usually over tiic course of 4-6 weeks. 

Unfortunately, radiation tiierapy is foUowed by both acute and latent toxicity. 
35 Acute toxicity may include generalized fetigue and malaise, anorexia, nausea and vomiting, 
local skin changes, diairiiea, and mucosal ulceration of tiie irradiated area. Radiation of 
large areas, espedaUy the pehris and pwximal long bones, may result in agnificant bone 
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marrow suppresaon. Long-^erm toxidty may resuk in byperpigmemation of the involved 
skin, demased function of the irradiatad (Mgan, mydopatby, bone nemsis, and secondary 
malignancies. These toxicities^ vMth are dose-idated, and may be minimized or avoided 
by carefiil shielding and fractionation. 

S Currently, more than 50% of all patients with cancer receive radiation therapy 

during the course of their lOness, Radiation ihoBpy is frequently the sole agent used with 
curative intent for c«tain tumors. For more extensive cancers, radiation is combined with 
surgery. Radiation is also used as an adjuvant to chemotherapy for some patients with 
lymphoma or lung cancer and for several cancers in diildren. Occaaonaily, chemotherapy 

10 may be used to sensitize tumor cells to the toxic effects of radiation. 

Although its use is very limited, locor^onal tQfperthermia may be used for some 
tumor sites. HyperthOTnia is a form of nonionizing irradiation between 40_ to 42_C that is 
of vahie as an adjunct to ionizii^ irradiation. The treatment' may also invoh^e drugs that 
increase a tumor's response to heat. Hyperthermias greatest use is controlling bulky 

15 hypervascular tumors. 

Chemother^ is used when surgery or radiation is not practical or only partially 
effective. Chemothenqpy^ involving the use of cytokines^ cytotoxic drugs, hormones, 
antihormones, and other biological agents, has become an increasing^ effective means of 
treating cancer. The use of a cytokine atone or in combination vrath other cytokines or 

20 cytotoxic drugs has been effective in indudi^ the regression of metastatic cancers by 
modulating the immune system (Heaton, K., etaL, Cancer Imnmnol Immother 57:213-219, 
1993). Useful cytokines include interleukin QLyi, IL-4, IL-6, tumor necrosis factor 
(TNF), a-interferon, and y-interferon (a-IFN and y-IFN). Intravenous administration of 
IL-2 alone has been effective in approximately 15*30% of patients with metastatic renal-cell 

25 cardnoma or mdanonui and may be eflBcadous in the treatment of other tumors. 
Additionally, a-IFN has been shown to be effective against certain solid tumors following 
resection of the bulk of the tumor tissue, suggesting a possible post-operative role as an 
adjuvant ihenpy (reviewed in Heaton, K., et oL Stqaxi), 

The combined use of cytokines to increase antitumor e£5cacy is based on the 

30 premise that combining agents that attack neoplastic cells by different mechanisms should 
increase antitumor effects in vivo. Therefore, toxidty diould be lower in patients treated 
with combinations of agents that have different side-effects. Pre-dinical studies have 
demonstrated that such cytokine combinations can be eEfective in animal modds (reviewed 
in Heaton, K,. etaL. Svpra). Additionally, cytokines can be combined with other cytotoxic 

35 agents in order to offer a more effective therapy for neoplastic diseases. Such combinations 
take advantage of differoit mechanisms of action and different toxidty profiles. For 
example, a-IFN appears to potentiate the effects of 5-fluorouracil (5-FU) by increasing 
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senim levels of active 5-FU metaboUtes. Also, IL-2 and a-IFN in combination with 
dsplatin and dacaibazine have produced response tales much higher than any observed 
with either cytokines or cytotogde drags alone. 

While most anticancer drags are used systemicaOy. there are selected indications for 

s local or regional adniinistratioa Regional administration involves direct infiision of active 
chemotiMfBpeutic agents into the tumor site (e-g., intravesical therapy, intraperitoneal 
therapy, hepatic arteiy tnfiiaon witii or witiiout emb(^zation of the main blood supply of 
thetumor). These treatments can resuhmsignificam palliation and improved survival. 

However, many patients treated witii chemodierapy have a limited response. Such 

10 treatment may become ineflEective because of drag resistance attributed to spontaneous 
genetic mutations in subpopulations of cancer cdls prior to chemotherapy expoaire. 
Following elimination of the sensitive cells by chemotiierapy, the resistant subpopulation 
grows to become the predominant cdl type. 

Radioimmunotherapy is a form of treatment that offers the potential for anti-cancer 

15 activity witi> common tumors. Although tiiis tiierapy is largely experimental, progress is 
being made in developing useful clinical agents, especially in the hematopoietic 
malignancies. The success of radioimmunotiierapy depends on delivering a laige dose of 
radiation to a selective tumor witiiout injuiy to radiation sensitive tissue. In the case of 
soUd tumors, a number of radiolabeled polyclonal and monoclonal antibodies have been 

20 used in tiie treatmem of patients witfi hepatoma, intrahepatic cholangiocardnoma. 
melanoma, ovarian caronoma, peritoneal cardnmnatoas, and ^oma (reviewed in Larson, 
S., et aL, Nucl Med Biol 27:785-792, 1994). In tiiese cases, "liodine has been the label 
most commonly used. 

The administration of the radiohd)eled antibody imo a closed space seems to offer 

25 the greatest potential for successfiil treatment. Intravenous administration of the 
compound is not as effective. A number of monoclonal antibodies have been used, 
including: M195 (anti-CD-33), a murine monoclonal antibody against hematopoietic 
progenitors; CC49 (anti-TAG-72). against colorectal, pancreas, ovarian, and other human 
tumors; and 3F8 (anti-GDZ), localized to primaiy and metastatic neuroblastomas in 

30 patients. However, a substantial problem witii tius tiierapy is the development of immunity 
against murine monoclonal antibodies and associated hematopoietic toxicity. 

Neoadjuvant tiierapy, systemic treatment given before local tiierapy. has become 
increasingly more prominent in tiie treatment of cancer (reviewed in Trimble, E.. et al.. 
Cancer Suppl 72:3515-3524, 1993). The tiierapy is designed to ease subsequem surgical 

35 intervention, increase local control, and improve long-term outcomes of patients. This is 
partiaUy accomplished by 1) reducing tiie tumor burden at tiie primary site, rendering 
efforts at local control more likely to be completely successfiil , 2) controlling disease tiiat 
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is not initially amenable to local treatment, 3) redudqg the number of cancerous cells before 
surgery, and 4) when adminitfered before luiBeiy, less resection may be necessary, thereby 
potentially q>aring normal organ fimction. Hie potential disadvantages of neoadjuvant 
therapy inchide: acute toxicity of treatment; incflbctiveness yMch may compromise local 
5 control or delay of defimtive ther^iy aUowiqg for aggressive local tumors to m et a st asiz e ; 
scarring and fibrosis; making surgery more diflBcult; retardation of wound healing by 
decreaang tissue vascularity; and ineffectiveness leaifing to a higher proportion of quiescent 
tumor cdla. 

Despite all of the existing treatmoits for solid tumors, there still is a substantia] 
10 unsatisfied need in the field for a more effective method of treating patients, both in terms 
of efficacy and avoiding the disadvantages of the current methods. The present invention 
fiilfills this need and fiirther provides other related advantages. 



IS Summarv of the Invention 

It is the object of this invention to cause tumor death in vivo by inhibiting blood 
flow to the tumor by blood dot formation in the vessels that supply blood to the tumor, to 
inhibit angtogenests within the tumor by producing inUUtory proteins within the tumor, to 
20 produce a proton that activates a non-to)dc agent into a toxic form within the tumor, or to 
produce a protein that competes for or metabolizes nutrients in the blood supply of the 
tumor. 

Within one aspect of the present invention, a method is provided for killing tumor 
cells in vivo comparing transducing cdls in or adjacent to a tumor with a recombinant 

25 vector compriring a inicleic add molecule encoding a polypeptide capable of stimulating 
blood clot formation in or adjacent to the tumor. In various embodiments, the nucleic add 
molecules may be selected from the group consisting of Russdl's viper venom factor X- 
activating ftctor, Russdl's viper venom ftctor V-activating fiutor, thrombin and thrombin* 
like enzymes such as those extracted from Crotatus adamantaus (Crotalus), Crotalus 

30 horridus horridus, Agkistrodon rfiodostoma (Ancrod), Agisirondon contortrix contortrix, 
Aghisirodon acutus, Bothrops atrox O^atroxobin), Bothrops marajocnsis, Bothrops 
moojeni, Trimerersurus gramineus, Trimeresums okinavensis and Bririis gabonica, tis^e 
&ctor, truncated tissue &ctor, cancer procoagulant, and a fiision protein comprising part or 
all of a procoagulant protein and part or all of a Ugand that binds to endotiielial cells with 

35 high affinity. Witiun one embodiment of the invention, these nucldc add molecules encode 
a protein sdected from the group consistiiig of von Willebrand fiictor antigen n, 
endothdial-monocyte-activating polypeptide I, endotiidial-monocyte-activating 
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I)olypq)tide II, tumor necrosis &cu>r a, tumor necrosis ftctor p. and the tissue ftctor- 
tndudng fiutor fiom Bickettsia lickettsii. In stiD another embodiment, the nucleic add 
nwlecules encode a polypeptide capable of inhibiting fibrinolysis. In oertam embodiments, 
these nucleic add molecules are sdected fiom the group consisting of a2-antiplasmin. 

S p iafm hiweiM activator inhibitor I, plasminogen activator inhibitor n. phsminogen activator 
inlubitor m, and Erthrina proteinase tnhilritors. 

In another aspect of the invention, a method is provided for inlubiting tumor 
aqgiogenesis In vtvo, comprising transducing ceQs in or adjacent to the tumor with a 
recombinant vector comprising a nuddc add molecule encoding a polypeptide capable of 

10 inhibiting vascularization of the tumor. In various embodiments, the polypeptides encoded 
by the nuddc add molecule are sdected from the group consisting of angiostatin. 
interferon a, imerferon p, platdet fector-4, tissue inhibitors of metaUoprotdnases I, tissue 
inhibitors of metaDoprotdnases II, tissue inhibitors of metaUoprotdnases III, 
thrombospondin, the angiogenic fragment of prdacdn, heparinase. neutralizing antibody 

IS fragments against basic fibroblast growth &ctor, vascular endothelial cell growth factor and 

aVp3 int^rin. 

In another aspect of the invention, a method is provided fi>r killing tumor cdls in 
vivo, comprising tnuisdudng cdls of a blood vessd in or adjacent to an arterial side of a 
tumor with a recombinant vector comprising a nuddc add molecule encoding a 

20 polypeptide capable of activating a non-cytotoxic agent capable of bdng a cytotoxic agent 
and adnunistering to the aninud a non-^totoxic agent activated by the polypeptide into a 
cytotoxic agent. Witiiin the various embodiments, nuddc add molecules encode 
polypeptides sdected from tiie group consisting of Herpes simplex vinis thymidine kinase, 
varicella-zoster vims thymidine kinase, cytosine deaminase, xanthine-guanine 

23 phosphoriboayl transferase, Escherisdiia coli purine nudeoside phophordase. the 
cytochrome p450 2B1 gene product, alkaline phosphatase, p-glucosidase and 
nitroreductase. 

In yet another aspect of tiie invention, a method is provided for depriving tumor 
cdls in vivo of nutrients, comprising transducing cdls in or adjacent to a blood vessd in a 

30 tumor witii a recombinart vector comprising a nuddc add molecule encoding a 
polypeptide capable of binding or metabolizing nutrients in the perivascular interstitial 
space of ti»e tumor. Witiiin various embodiments, tiie nuddc add molecule encoding tiie 
polypeptide is sdected from tiie group consisting of soluble fi)tate receptor/folate binding 
protdn, sohAle tranfcrrin receptor, fetal hemaglobin, oxygen4»mding firagments of fetal 

35 hemoglobin, or a fiiMon polypeptide consisting oftiieextracdhilar matrix binding fragment 
derived from tiie p3 int^ and a fragment of a receptor polypeptide selected finom tiie 
folate receptor or the tranfcrrin recqrtor, 
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In various aspects* the recombmant vectors is a gene deliveiy vehicle is selected 
from a recombinant viral vector and a non-viral nudeic acid (DNA or KNA) vector. In a 
invfared embodiment, the reoondnnant viral vec^ consisting of 

adenovirus* pox virus, poliovirus^ rlunovirus* nifluena wus, parvovirus, adeno-assodated 

S virus. Herpes virus, smian ^rus 40, human immunodeficiency wus, measles virus, 
astrovirus or corona virus. Pief err ed viruses are retroviruses and alphavinises. Particularly 
p r e fe rred retro^oiuses are avian leukoss virus* bovine leukemia virus, murine leukemia 
virus, mink-cell focus-indudng virus, murine sarcoma virus, reticuloendotheliosis virus, 
gibbon ape leukemia virus, Mason-Pfizer leukemia virus or rous sarcoma virus. The most 

10 preferred murine retrovirtises are Abelson, Friend. GraflB, Gross, Kristen. Harvey sarcoma, 
raucho*, or Moloney leukemia. Particulariy preferred alphaviruses are Sindbis virus, 
Semliki Forest virus, Middld>erg virus, Ross River virus Aura virus. Fort Morgan virus or 
Venezuelan equine encephalitis virus. In addition, m various aspects the recombinant virus 
is replication defective. 

IS Other aspects of the invention relate to packaging cells, producer cells containing 

the recombinant viral vectors, viral partides produced from the producer cells, and 
transduced recomUnant viral vector target cells, as well as pharmaceutical compositions 
comprising vectors according to the inventioa Preferred compositions include those 
comprising lyophilized or ddiydrated recomtmuuit wus. 

20 These and other aspects will become evident upon reference to the following 

detuled description and attached drawings. 



Rrief Description of the Drawings 

23 

Figuro 1 is a diagramatic representation of the coagulation pathway. 

Figure 2 is a schematic illustration of p31N2RS(+). 

Figuro 3 is a schematic illustration of pN2R3(-). 

Figure 5 is a schmutic illustration of pN2R3(+). 
30 Figure 6 is a schenuOic illustration of pN2RS(*). 

Figuro 7 is a schematic illustration of p3 1N2SV(+). 

Figuro 8 is a schematic illustration of pTKA 

Figuro 9 is a schematic illustration of pPrTK^A 

Rgure 10 is a schematic illustration of pTK-1 and pTK*3. 
35 Figuro 11 is a schematic iUustration of a SINDBIS Basic Vector and a SINDBIS 

Ludferase Vector. 



W09Cai416 PCr/USSW16M5 



Figure 12 is a schematic illustration of a representative embodiment of a Eukaryotic 
Layered Vector Initiation System. 

Kgure 13 b a gr^>h which shows a time course for ludferase expression finom 
ELVIS-LUC and SINBV-LUC vectors. 
5 Figure 14 is a schematic ilhistration of the mechanism for disabling a viral junction 

region by "RNA loop-out.' 

Figure 15 is an illustration of one method for modifying a Sindbis junction region. 
Figure 16 is a schematic illustration of Sindbis Padcaging Expression Cassettes. 
Figure 17 is a bar graph which shows SIN-hic vector packaging by represemative 

10 packaging cell lines. 

Figure 18 is a bar gnq>h wMch shows SIN-hic veaor padcaging by PCL clone #18 

overtime. 

Figure 19 is a gnq)h ^ch illustrates expresaon and Rescue of a Sindbis-Iudferase 

vector. 

15 Figure 20 is a gr^h demonstrating retention of viral activity upon reconstitution of 

a represenutive recombinam retrovirus lyophilized in a formulation bufifer containing 
maniutol. 

Figure 21 is a graph demonstrating retention of viral activity upon reconstitution of 
a representative recombinant retrovirus lyoplulized in a f(»mulation buffer containing 
20 lactose. 

Figure 22 is a grq)h demonstratiiig retentira of viral activity upon reconstitution of 
a representative recombinant retro>dnis lyophilized in a foimulation buffer containing 
trehalose. 

Figure 23 is a set of representative graphs comparing stability of liquid non- 
25 lyophilized recombinam retrovinis stored at -80_C versus lyophilized formulated 
recombinant retrovinis stored at -20_C, using various saccharides. For ease of 
comparison, the titers have been normalized. 

Figure 24 is a bar graph which iDustrates tiie effect of ganddovir on CT26, CT26 
pgal and CT26TK Neo cdls. 
30 Figure 25 is a graph which illustrates tiie effect of tumor volume over time in a 

gandclovir dose study of mice injected with CT26TK Neo. 

Figure 26 is a series of four photographs of mice, illustrating the effect of different 
dose regimens of ganddovir on intraperitoneal tumor growUi. 

Figure 27 is a series of four photographs of mice, iUustrating the effect of different 
35 dose regimois of ganddovir on subcutaneous tumor growth. 
Figure 28 is a sdiematic illustration of pHCMV-PA. 
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Definition of Terns 

The following temis are used thnMi^ut the qiedfication and claims. These tenns 

S shall be defined as follows^ unless otherwise i n di c ated, 

"Hi^ Affinity Binding Pair * refers to a set a molecules wfaidi is capable of binding 
one another with a Kd of less than lOi^ ^^^lerein y is sdected fiom the group consisting 
of8,9, 10, 11, 12, 13, Hand IS. As utilized herein, the ICp'' refers to the disassociation 
constant of the reaction A + B ^ AB, wherein A and B are members of the high affinity 

10 binding pair. (In addition, as b understood by those of ordinaiy skill in the art, as the 
afBnity of the two molecules increases, decreases.) Disassodation constants may be 
readily determined by a variety of techniques, induding for example by a Scatchard analysis 
{see Scatchard, Arm. N.Y. Acad Sci. 57:660-672, 1949). Rq)resentative examples of 
suitable affinity binding pairs include biotm/avidin, cytostatin/papain, 

15 phosphonate/carboxypeptidase A, and 4CABP/RuBiaCo. 

" Targetiny dement * refers to a molecule i^^ch is capable of specifically interacting 
with a selected cell type. As utilized witUn the context of the present invention, targeting 
elements are considmd to qiedfically bind a sdected cell type vAum a biological effect of 
the coupled taig^gdennentmi^ be seen in that odl type, or, i^en there is greater than a 

20 10 fold difference, and preferably greater than a 25, 50 or 100 fold difference between the 
binding of the coupled targeting dement to target cdls and non-target cdls. Generally, it is 
preferable that the targeting dement Und to the sdected cell type with a of less than 
10*^M, preferably less than lO^M, more preferably less than lO-'^H and most preferably 
less than lO^M (as determined by a Scatchard analysis, see Scatchard, Ann N,Y. Acad 

25 ScL 57:660-672, 1949). In addition, it is generally preferred that the targeting dement bind 
to the sdected ceU type with an afiBmty of at least 1 log (/.e., 10 times) less than the affinity 
constant of the high afiSnity binding pair. (In other words, the value will be at least 1 
log or 10 fold greater.) Suitable taigeting dements are preferably non*immunogenic, not 
degraded by proteolysis, and not scavoiged by the immune system. Particularly preferred 

30 targeting dements (which are coiyugated to a member of the high aflfinity binding pair) 
should have a half-life On the absence of a dearing agent) within an animd of between 10 
minutes and 1 week. Representative exan^iles of suitable targeting dements are set forth 

below in more detail. 

"(^Icarinp agent " refers to molecules i^ch can covalently or non-covdently interact 
35 with circulating coupled targeting dements. Preferably, the dearing agem is non- 
immunogenic, specific to the coupled targeting dement, and large enough to avoid rapid 
rend dearance. In addition, the dearing agent is preferably not degraded by proteolysis. 
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and not scaveqged by the immune system. Paiticularly prefc ned clearing agents for use 
^^dthin the present invention inchide those i^^di bind to the coupled targeting element at a 
ate other than the a£Bnity bindiqg member, and most prefimbiy, which bind in a manna* 
that blocks the bin^ of the targeting dement to its taiget. Numerous deawig agents 

5 may be utilized within the context of the present faivendon, induding for example those 
described by MarshaU et al. mBrtl J. Cancer tf9:SQ2-S07, 1994. 

" Rficsombinant retroviral vector * refim to an assembly which is* within preferred 
embodiments of the invention, capable of directing the expression of a sequence(s) or 
gene(s) of interest. Preferably, the retroviral vector construct should indude a S' LTR, a 

10 tRNA binding site, a packaging agnal, one or more heterologous sequences, an ori^ of 
second strand DNA synthesis and a 3* LTR. A wide variety of heterologous sequences may 
be induded witlun the vector construct, induding for example, sequences which encode a 
protein (e.g.. cytotoxic protein, disease-associated antigen, mmume accessory molecule, or 
replacement protdn), or v/hich are usefiil in and of themselves (e.g.. as ribozymes or 

15 antisense sequences). Aheroatively, the heterologous sequence may merdy be a **stuffer** 
or "filler" sequence of a size suflSdent to allow production of retroviral partides containing 
the RNA genome. Preferably, the heterologous sequence is at least 1, 2, 3, 4, 5, 6, 7 or 
8Kb in length. 

The rttro^oral vector construct may also indude transcriptional promoter/enhancer 

20 or locus defining dement(s), or other dements ^ch control gene expression by means 
such as ahemate splicing, nudear RNA C9q>ort, post-transhuional modification of 
messenger, or post-transcriptiond modification of protein. OptionaUy, the retroviral vector 
construct may dso indude sdectable maricers that confer resistance of recombinant 
retrovird vector, transduced or transfected, cdls to TK, hygromycin, phleomycin, 

25 histidinol, or DHFR, as well as one or more specific restriction sites and a translation 
termination sequence. 

A "gene delivery vehide" is a recombinant vehicle, such as a recombinant viral 
vector, a nuddc add vector (such as plasmid), a naked nucldc add molecule such as 
genes, a nuddc add molecule complexed to a polycationic molecule capable of neutralizing 

30 the negative charge on the nucldc add molecule and condensing the nucldc add molecule 
into a compact molecule, a nuddc add asso c iated with a liposome (Wang, ei al. PNAS 
84J%S\, 1987), a bacterium, and certain eukaryotic cdls such as a producer cell, tiiat are 
capable of delivering a nuddc add mdecule haviqg one or more dedrable properties to 
host cdls in an organism. As discussed fiirther bdow, tiie desirable properties include tiie 

35 ability to express a desired substance, such as a protdn, enzyme, or antibody, and/or the 
ability to provide a biologicd activity, whidi is where tiie nuddc add molecule carried by 
the GDV b itsdf the active agent witixxit requirii« the e)q>resdon of a desired substance. 
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One example of such biological activity is gene thenqiy where the delivered nucleic add 
molecule mcorporates into a specified gene so as to inactivate the gene and "turn ofiT the 
product the gene was making. 

"Zymoyen * is an mactive enzyme precursor capable of being activated to a catalytic 
5 state by post-translational modification. Briefly, some ^mogens contain a polypeptide 
duun which blodcs enzyme xttility. The enzyme is activated by add or enzymatic cleavage 
that removes the inhibitoiy polypeptide chain. 

10 Detailed Description of the Invention 

This invention provides several methods for gene therapy-mediated treatment of 
solid tumors with recombinant vectors based on interference with nutrient supply to the 
tumor cdls caused by (i) sdectively initiating irreversible coagulation of the tumor 

15 vasculature by transferring a gene for any one of several potent diffiisible procoagulant 
proteins to intratumoral vascular endothdial cells or perivascular tumor odls , (u) inhibition 
of tumor neovascuhuization by transfer of a gene encoding an anti-aqgiogenic protein to 
intratumoral vascular endothdial cdls or perivascular tumor cdls, (m) destruction of the 
tumor vascuhu* bed by sdective kilfing of intratumoral vascular endothdial cdls by transfer 

20 of a 'suidde* gene and (iv) starving the tumor by creating a microenvironment in 
perivascular areas i^ch absorbs or metabolizes vitd incoming nutrients, accomplished by 
transfer of genes encoding sohible extracdlular nutrix-binding nutrient receptors or spedfic 
catabolic enzymes to perivascular tumor cdls. 

Within one aspect of the invention a method is provided for selectivdy initiating or 

25 exacerbating coagulation of the tumor vasculature by transferring any of a number of genes 
for procoagulant protdns, fusion proteins comprising at least a procoagulant portion of a 
procoagulant protdn and at least that portion of a ligand which binds with high afi&nity to 
mdothelial cells, inducers of procoagulant proteins or inhibitors of fibrinolysis to 
intratumoral vascular endothelial cells or perivascular tumor cells using a gene delivery 

30 vehide according to the invention. 

The establishment of a criticd hypercoagulative state in the tumor vascular bed can 
be achieved by inducing local secredon of three broad classes of protdns. The first group 
comprises procoagulant protdns (e.g., RussdI's viper venom fiictor X-activating fiictor, 
Russdl's viper venom fictor V-acthratiqg fector, tissue fiictor, truncated tissue fector, 

35 .cancer procoagulant, thrombin, thromlmHUke enzymes, and fiision proteins comprising dl 
or at least the extraceUular portion of a procoagulant protdn operativdy fiised to all or at 
least that portion of a ligand which binds with high afiBnity to an endothdid cdl membrane 
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or protdn associated therewith) that directly activate one or more of the symogens that 
make up the pl^ologic dotting cascade. The second group comprises proteins produced 
by tumor odls. leukoqrtes and certain infectious otgamams (e.^.. von Willebrand &ctor 
santigen n, endothelial-monocyte-aciivatiqg polypeptide I, endothelial-monocyte-activating 

5 polypqitide n, tumor necrosis &ctor a, tumor necrosis ftctor and the tissue fector- 
inducing ftctor from /{idteltsto rickettsiO that induce the expression 
protein, such as tissi» fiwtor, by host endothelial celU and monocytes/macrophages, 
indirectly lesuking in local activadon of the dottii^ cascade. The third group of proteins 
inhibits the homeo static response to coagulation (i.e., fibrinolysts), e.g., a2-antiplasinin, 

10 plasnunogen activator inhibitor I, plasminogen activator inhibitor n, plasminogen activator 
inhibitor m. and Erythrina proteinase inlubitors. Members of the third group of proteins 
work in concot with procoagulam protons in indudng local blood clotting or, in tumors 
v^^aci^ are thenudves procoagulant in nature, tip the balance between fibrin production and 
degradation resulting in coagulation of the tumor vascular bed in the absence of exogenous 

IS procoagulant activity. 

The pivotal point in the dotting cascade, where the intrinac and extrinsic pathwqrs 
converge, is the activation of Factor X (FX) to FXa (see Figure 1). In die extrinsic 
pathway, tissue ftctor (TF) activates FVII to FVIIa and then combines with FVIIa in the 
endodidid odl membrane to activate FX to FXa. In the intrinsic patiiway, FXH is 

20 activated to FXna as a result oftissueii^uy or exposure to air and FXQa in turn activates 
FXI to FXIa which tiien converts FVm and FIX on tiie surfice of pertuibed endotiidial 
cells or platdets to tiieir respective active forms. FX is activated to FXa by FVma/FDCa 
complexes in the presence of caldum ions and a phoq)holipid membrane {see Figure 1). In 
the subsequent common pathway, a complex of FXa witii FVa in the endothelial or platdet 

25 membrane with C&^* ions forms the prothrombinase complex, which efiBdertly catalyses 
the conversion of prothrombin to thrombin. The prothrombinase complex will generate 
1,500 moles(m)/minute(m/min) of thrombin/mole of FXa. Thrombin degrades plasma 
fibrinogen to fibrin and activates FXni to FXma wUch, in turn, ooss-links the fibrin 
molecules to form an insohible matrix (seeFigure 1). 

30 Procoagulant factors can act at several points in the dotting cascade. Tissue fiunor 

(TF) and truncated TF combine witfi FVIIa and a phospholipid bilayo- to activate FX 
(Ncmerson, et al.. Prog. HemosL Jhromb. 6:237, 1982). Russdl's Viper venom FX- 
activating fiictor (RW-X) and cancer procoaguhmt (CP) activate FX direcdy. 
independendy of TF, FVn. FVm. or FIX (Gordon, et al.. Hemat Onco. Cttnics North 

35 America ftl359, 1992; Takeya, et al.. J. BioL Chem. 2d7:14109, 1992). Thrombin and the 
wide range of thrombin-Iike enqrmes diat have been isohtted from the venoms of numerous 
snakes (Doull, et ai. Toxicology, eds. MacMillan Pub. Co., NY 1986). for example. 
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Crotdbis adamanteus (CrotalaseX Cntabis horridus hoiridus, Agkistrodon Rhodostoma 
(AncrodX A^dstrodan oontortrix contortrix, Agkistrodon acutus, Bothrops atrox 
(BatraxoUn), Bothrops mangoensis, Bothrops moogeoi, Trimensurus gramineus. 
Trimeresurus okinavensis and Bitis gabomca, aO of wfaidi degrade fibrinogen directly and 

S thus are mdependent of most of the dotting cascade. TF, RW*X and CP are extremely 
potent inducers of coagulation because their effects are amplified by subsequent stages of 
the zymogen cascade. Other inducers of coagulation inchide Russell's viper venom fiictor 
V*activating fitctor and truncated tissue ftctor. Thrombin and thrombin-like enzymes 
require fibrinogen and FXm to cause clotting. Many tumors induce local fibrin formation 

10 as a part of the malignant process (FUer, et oL, New Eng. J. Med 375: 1650, 1986) and it is 
thought that the clotting &ctors detected immimohistochemically in the tumor interstitium 
(Zacharski, et al,. Cancer 60:2675, 1987) leak out as a result of tumor-induced 
hyperpermeability of local blood vessels (Senger, et al.. Science 279:993, 1983). TF 
targeting has been shown to be effective in one tumor model (M oloma, et al submitted for 

IS publication). As such, at present the use of eariy-acting procoagulants, such as TF, CP and 
RW-X. is preferred. 

In the last century, Coley reported that several late-stage cancer patients injected 
with a live bacterial preparation developed severe septicemia but subsequentiy recovered 
and were cured of their tumors (Coley, et al.. Am. J. Med Sci. 105 A%1. 1983). This 

20 a^vity was eventually found to be mediated by a cytokine rdeased by macrophages in 
response to bacterial endotoxin that caused specific hemorrhagic necrosis in Meth*A 
fibrosarconuis in mice and so was called tumor necrosis fiictor (TNF, Old, et al. Science 
230:630, 1986; CarsweU, et al.. PNAS 72:3666, 1975; Nawroth, et al.. J. Exp. Med 
168:637, 1988). When TNF infusions &iled to show similar efficacy in other animal 

25 models and clincial trials (Kao, e/a/., Behringlnst. Mitt 92:92, 1993), it was reasoned that 
unique synergistic co&ctors were produced by Meth-A ceUs that sensitized the tumors to 
TNF. Two such factors, endothclial-monocyte-activating polypeptides I and II (EMAP-I, 
EMAP-n), have recentiy beoi isolated and cloned (Kao, et al.. supra; Kao, et al., J. Biol 
Chem. 269:977 A, 1994). TNF and EMAP-I and n all induce weak tissue factor activity in 

30 endothelial cdls and monocytes but act syncrgistically when combined (Kao. et al. supra, 
Clauss, et oL. J. Biol. Chem. 265:707%, 1990). This syngergistic effect may be utilized for 
procoagulant gene tiierapy of solid tumors. Firstiy, tiie EMAP-I or -H genes (Kao, et al.. 
Behring InsL Mitt. 92:92, 1993; Kao, et al, J. BioL Chem. 259:9774. 1994) may be 
combined with a TNF gene to produce potent bidstronic procoagulant gene therapy 

35 vectors. Secondly, increased spedfidty of procoagulant effects may be produced by 
introducing EMAP-I or -H TNF (TNFa or p), or tissue fiwsor-indudng factor from 
Rickettsia rickettsii genes into separate vectors which are selectively targeted to tumor cells 
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or tumor endothelial cells by taigetiqg vehides {e.g. antibodies or other cell/tissue specific 
figandSy proliferation-dependent retroviral vectors) that have few or no common cross- 
reactivities. Thirdly, EMAPs lorn sdectively generated at the tirniornte by vectors ntty 
be combined with systemic therapy with recombinant TNF or flavone acetic add (FAA), a 

5 low molecular wdght antitumor agent that is effective against Meth-A tumors but less so in 
other systems Q^unray, et aL, InL J. Cancer 49:254, 1991). Another procoagulant protdn 
that may be utilized in the context of this invention is von )^illd)rand factor antigen II. 

Disruption of the balance between fibrin formation and fibrinolysis may fiirther 
promote dot formation. Specifically, numy animal and human tumors are intrinsically 

10 prothrombotic (Flier, et al. supra.) as a result of local vessd disruption or tumor cdl 
production of TF, TF-likc activity, or cancer procoagulant (Gordon, et al. supra). This 
process may account, at least in part, for the areas of necrosis in solid tumors and it is 
thought that fimctional vascular integrity sufBdent to support tumor growth is maintained 
in vivo by local fibrinolysis that largely keeps pace with fibrin formation (Dvorak, et al., 

15 Cancer Res. 44:334%, 1984). Fibrin is degraded by the protease plasmin, which is 
generated firom the ^ogen plasminogen by the action of plasminogen activators (Dane, et 
al.. Adv. Cancer Res. 44:139, 1985). Both tissue-type (T-PA) and urokinase-type (U-PA) 
plasminogen activators are secreted 1^ endothelial odls and tumor ceUs (Dane, et aL, 
supra). Transfer of genes encodiqg T-PA or U-PA antagomsts to intratumoral endothelial 

20 cells or perivascular tumor cells would result in decreased plasmin levds. Several 
candidate proteins could also p^orm this fimction if delivered to tumors by recombinant 
vectors. Plasminogen activator inhibitors I, n, and m (PAI-I, PAI-II. and PAI-III) are 
competitive inhibitors of plasminogen activators that bind to T-PA and U-PA reversibly, 
blocking plasminogen cleavage (Wun, et al.. Crit. Rev. Biotech. 5:131, 1988). al- 
ls antiplasmin is the major plasmin inhibitor in the blood, where it is constitutively present at 
fiurly low levds, irreversibly inactivating plasmin until plasmin becomes present in excess 
(Aoki, et al.. Semin. Thromb. Hemostasis 70:24, 1984). Several specific protease 
inhibitors have been cloned firom the legumes Erythrina caflfra and Erythrina latisstma 
(Teixcira, et al.. Biochem. Biophys. 7277:23, 1994). These proteins have extensive 

30 homology to soybean trypsin inhibitor and are potent inhibitors of plasmin and T-PA 
(Tebceira, etal.. Biochem. Biophys. 7277:23, 1994). In addition to promoting coagulation 
of the tumor vascular bed, plasmin antagonists such as a2 anti-plasmin, have additional 
antitumor activities. Overoqiression of U-PA by tumor cells is assodated with increased 
metastatic potential and angiogenic activity (Mdssauer, ei aL. Esp. Cell Res. 792:453, 

35 1991). U-PA generates plasnun v^ch, in addition to d^rading fibrin, also deaves 
procollagenase to coUagenase and rdeases bioactive angiogenic growth factor firom the 
tumor's extracellular matrix. CoUagenase is thought to contribute to the degradation of 
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intcnthial stroma and basaneot membranes that is essential to 0) invasion of tumor cells 
into surrounding tissues (ii) intravasation into local blood vessels and escape from the 
primary tumor site and 0^) migration of endothdial ccHs during neo va scu lari za t ion 
(Goodson, ei aL. PNAS 91112% 1994). Thus, inUbhion of plasmin production or activity 

5 impacts upon the pathogenesis of malignancy at several leveb. 

One embodiment of the present invention provides for the expression of genes for 
procoagulam or antifibrinolytic proteins in cainllaryend^^ cells (EC) lining the vessels 
of the tumor vascular bed, or in the subpopulalion of tumor cdls closest to these vessels. 
Expresdon of the gene(s) coding for procoagulant or antifibrinolytic proteins from these 

10 'perivascular' tumor cells (PTC) is important because such expression will provide 
concentrations of plasma-derived clotting fru:tors sufBdent to cause clot formation, and 
because the coagulation process initiated at the tumor cell surface will spread 'back* to 
nearby vessels to induce vridespread ischemia of the tumor. In a prefered embodiment, a 
gene ddiveiy vehicle containing a luideic add molecule encoding a procoagulant or 

IS antifibrinolytic protein is targeted to perivascular tumor cdls, as described bdow. 

In another preferred embodiment of this i4)proadi, the tropism of a gene delivery 
vehicle is combined with the specifidty of a polypqitide encoded thereby to achieve 
operative tumor vascular spedfidty. For exanq)le» a targeted or untargeted gene ddivery 
vehicle can be used to ddWer to perivascular tumor cdls a recombinant expression vector 

20 carrying a fusion gene wMch encodes a protdn having procoagulant activity and tissue 
spedfidty. In one instance, the fusion gene encodes a fiidon protdn comprising at least the 
domain(s) responsible for procoagulant activity of a procoagulant protdn (e.^., tissue 
factor, truncated tissue factor Russell's Viper Venom Factor X-activating factor, and cancer 
procoagulant) fiised to at least the receptor binding domain(s) of a ligand which binds with 

25 Mgh affinity to a receptor present on an endotheUal cell membrane. Following expression 
in perivascular tumor cdls, the fusion protein is secreted into the perivasular space. After 
difiiiMon to nearby endothelial cdls of the tumor vascular, receptors bind to the ligand 
portion of the fiision protein to produce a membrane-bound muhimolecular array capable 
of initiating thrombus formation on the lumenal surface of endothelial cdls of the tumor 

30 vascular bed. 

Within a particularly preferred embodiment, the fusion protdn comprises truncated 
tissue fector (lacking the transmembrane and intracellular domains; Ruf; et aL (1994), J. 
Biol. Chem., vol. 266:2158) at its amino terminus fiised by way of a flexible oligopeptide 
spacer to the receptor binding domains of VEGF [Pcretz, et al. (1992). Biochem. Biophys 
35 Res. Commun., vol. 182. no. 3:1340.1347], the receptor for which is overexprcssed in 
endothelial cdls. The gene encoding this fusion protdn (tTF-VEGF) is assembled using 
standard recombinant techniques. Other preferred fusion proteins comprise RussdPs Viper 
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Venom Factor X-activating fitttor or cancer procoagulant in place of tTF, although toaay 
other proteins or portions thereof can also be used. In addition, receptor binding donuins 
fiom Kg»"H« which bind with high affinity to receptors on endothelial odls nay be 
substituted for the receptor lrin£ng domains ofWEGF. Sudi Ggands inchide, but are not 

S limited to, T(3^-p, VGP, PDGF, u-PA, u-PA reeqitor antagoiust, and Ugands for endoglin, 
endoaalin, CD31, CD34, im^rin aVp3, and antigen Undii^ fiagments of monoclona] 
antibodies reactive against receptors found on endothdial cells. 

The invention fiirther provides methods for inhibiting tumor growth or causing 
regression of established tumors by inhibiting tumor autogenesis via vector-mediated 

10 transfer of genes encoding anti-angiogenic polypeptides. 

The growth of solid tumors beyond a diameter of 1-2 mm is dependent upon the 
reouitmem of new blood vessels growing into the tumor trom surrounding host tissue 
(FoDonan, et aL, J. NaL Cancer Inst. 82:4, 1990; Folkman, et al.. N. Engl. J. Med 
2&5:1182, 1971). A critical step in malignant progresaon is the acquiation of angiogenic 

15 activity by tumor cells (Folkman, et aL. Nature 339:SS, 1989). The uncontroUed growth of 
tumor cdls in a confined space often causes pineal collapse of intratumoral capiUaries. 
Blocking of angiogenesis may result in an acute hypovascular state and lead to actual tumor 
regression, rather than just inhibition of growth (Ingber, et aL, Nature 348:555, 1990). 
Numerous ivoteins secreted by tuuKH* cdls have been shown to exert angiogquc activity in 

20 several in vhfo assays (Bickndl, et aL, Eur. J. Cancer 27:785, 1991), but two cytokines, 
banc fibroblast growth fiutor Q>TGF) and vascutar endotiidial cell growdi fiwtor (VEC90 
have been proven to iiinction as tumor angiogenesis factors in situ, because transduction 
with bFGF or VEGF cDNA confers tumorigeneity on non-tumoigenic cell lines (Winer, et 
aL, supra) and blocking of cytokine activity with specific monoclonal antibodies inhibits 

25 tumor growth and vas c u l a ri za ti on (Kim, et aL, siq>ra). 

Anpogeneas is a complex process involving at least four steps (Folkman, eds. J.B. 
Lippincott. Philaddphia, pp. 42-62, 1985). Host endotiidial cdls (EC) (i) degrade tfieir 
underlying basement membrane C") migrate towards the angiogenic stimulus, 0»>) 
proliferate to seed new capillary buds and Ov) anastamatose witfi an existing vessd, lay 

30 down a new basement membrane, and initiate blood flow tiuough tiie new capiUary loop 
(Folkman. eds. J.B. Lippincott, PhUaddphia, pp. 42-62, 1985). Since each step is essential 
to tiie process, inhibitors of angiogenesis may exert tiieir efifects in a variety of ways. 
Physiological angiogenesis,. such as in wound healing, is regulated by a balance between 
angiogenic and anti-angiogenic fiM:tors (Rdler, et al. Cell 79: 185, 1994). To date, at least 

35 ten anti-angiogenic proteins have been described (Fidlcr, et aL, supra, (XRdlly, et aL. Cell 
79:315, 1994; Ratinejad. etaL, CeU 56:245, 1989; Moses» etaL, J. CelL Biochem. 47:230, 
1991; and Bickndl, et al., supra): induding angiostatin, a-IFN, p-IFN, platdet factor-4. 
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tissue inhibhor of metalloprotdnases CHMP-I. TIMP-II. TIMP-in), and gUoma-deiived 
angiogenesis inhibitiiig ftctor (Van Mdr, et aL, Nature Genetics 8:171, 1994). 
thrombospondin. the anti-anglogenie fiagment of prolactin, he p arin aw ! or other appropriate 
peptide proteins or poly nucleotides that directly or indirectly ie.g., by catalysis of 
S production of inhilntors sudi as retinoic add or its analogs) inlubit cell migration, 
endothefial cell prdifoatioo. basement membrane d^radation or 3-D organization of new 
blood vessels (Aueibach, W. and Aoerbach. R. Phamac. Ther.. 63:265. 1994). Blocking 
monoclonal antibodies agunst bFGF. VEGF, and the aVDs integrin are also angiogeneas 
inhibitors. o-IFN has been shown to induce complete r^ession of life-threateiung 
10 hemangiomas in infants and highly vascular Kaposis sarcoma (Ezekowitz, et aL. N. Engl. J. 
Med 326:1456, 1992; Real, et aL. J. Clin. OncoL 4:544, 1986). 

The present invention provides for the use of any one of the phyaological 
polypeptide negative reguhoors of angiogenesis in anti-angiogenic strat^es where the 
gene encoding the anti-angiogenic &ctor is delivered to either tumor endothelial cells or 
15 perivascular tumor cdls using a recombinant vector. For example. a-IFN downregulates 
h¥GF transcription and translation (Singh, et aL, Am. J. Pathe^ 145-365, 1994), 
consequently, it is most efifoctive if produced within tumor cells. TIMPs inhibit endothelial 
cell proteases reqiured fiar extraceUular matrix d^radation during EC migration (Moses, et 
al., supra) and therefore would be active in solution anywhere m the tumor interstithun. 
20 Thrombospondin or blocking anti-FGF or anti-VEGF antibodies antagonize angiogenic 
cytokine acthnty at the endothelial ceU suiface (Knn. et aL, supra, Fidler, etaL, supra) and 
are most effective if expressed in the vascuUture itsdf 

Ami-angiogenic polypeptide genes may be delivered selectively to perivascular 
tumor cdls with a second generation antibody-targeted recombinant vector. Suitable tumor 
25 markers for targeting include c-erbB2/pl85HER-2 (Shepard, et al.. supra), TAG-72 
(Guadagni, et aL, supra), carcinoerabryonic antigen (CEA, Guadagni. et al, supra), the 
high aflfinity folate receptor (Bottero. et al., supra), polymorphic epithelial mucin (PEM, 
Rettig, et aL. supra), epidermal growth fector receptor (Rettig, et al.. supra), a CD44 
isoform (Rettig. et al.. supra) and prosute-specific antigen (Mulders, et al.. supra). 
30 Anotiier approach is to ddivcr an^ostatin ex vivo. Angiostatin is produced by cells 

in primary tumor masses but suppresses neovascularization of distant metastases, perhaps 
explaining the clinical observation that metastases grow more quickly in some patients after 
the primary tumor is resected (O'Reilly, et aL, si^). Thus, angiostatin is suflBdentiy 
potent and stable in the drculation to exert endocrine eflRscts, so it may be possible to 
35 munic the presence of the primary tumor by transplantation of a population of normal long- 
lived non-tumorigcnic cdls that have been stably transduced with recombinant vector 
containing an angiostatin gene. In addition, direct administration of a vector encoding 
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angiostatin may lead to sufiBdent local or systemic levels to inhibit growth of primaiy 

tumors or m et as t ases. 

Pf yfi.««> of their proven effica^ in the cUnic or in aninial modds, a-IFN, TIMP-1 
or angiostatin are particularly preferred candidates for anti-angiogenie gene therapy, 

5 however recombinamsingle-chahiFv genes from anti-VEGF antibodies are also preferred. 

The piesem invention finther provides a method for sdectivdy killing tumor 
endothelial cells with 'suicide' gene therapy. In general, the physiologic activation of the 
dotting cascade is a meduuusm to stop blood flow and seal the damaged tissue from 
exposure to the environment. Consequently, damage to vascular endothelial cells that line 

10 blood vessels is an initiator of both the intrinsic and ejctrinsic pathways of coagulation (Kao, 
et al.. supra). Retraction of damaged endothelial cdls from the underiying subendotheUal 
matrix exposes procoagulam factors to the blood. Tissue fector in the subendotheUal space 
causes activation of FX by the extrinsic pathway (Pnkt, et al.. Am J. Pathol. J34:\0S7, 
1989) and platdets that adhere to and become activated by matrix proteins intitiate the 

15 intrinsic pathway (Stem, et al., Haemostasis J8:2(KZ, 1988). Thus, therapeutic strategies 
that result in the death of significant numbers of endothelial cdls in the tumor vascular bed 
may produce a similar resuh, paiticulariy, thrombosis and ischemic necrosis of the tumor 
parenchyma. Recently, this was demonstrated in a murine model of a solid tumor therapy 
via killing of tumor endothdid cdls. A mouse tumor line was transduced with a retrovird 

20 vector containing a murine y-IFN gene. When the transduced tumor, cdls were grown in 
nude mice, they secreted y-IFN which acthrated locd endothdid cdls (EC) in a paracrine 
feshion to express MHC Class n amigens (Burrows, et aL. Cancer Res. 52:5954. 1992). 
Since noimd EC are Class D-negative. anti-CUas n antibodies were utilized that bound 
specifically to tumor EC in this modd (Burrows, et al.. Cancer Res. 52:5954, 1992). An 

25 immunotoxin constructed by chemically conjugating ridn A-chain to the anti-Class U 
monoclond antibody produced dramatic regressions of large (1 cm diameter) soUd tumors 
(Burrows, et al.. PNAS P0:8996. 1993). A time course study after treatment with the anti- 
tumor endothdid ceU immunotoxin demonstrated that necrosis of the tumor mass was 
secondary to dassicd intravascular thrombosis. Denudation of dead endotheUal cells from 

30 the subcndcthelial matrix was rapidly foUowed by focal adhesion and clumping of activated 
phitdets, forming an immature platelet/red cell-rich dot with subsequem fibrin cross-linking 
producing a permanent, fibrous thrombus (Burrows, et al., J. Controlled Release 28:\9S, 
1994). All these events were complete withm 4 hours after injection of the immunotoxin, 
but eariy necrotic changes in tumor cdls were not observed untU 6 hours, indicating that 

35 the tumor ceUs were kiUed as a resuh of nutrient deprivation following cessation of blood 
flow (Burrows, etaL, PNAS90:i996, 1993). 
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An effective method of Idlliqg tumor endothelial oeUs is to transfer 'suidde genes* 
into the tumor vascular waU uang gene ddiveiy vehicles followed by intravenous ddiveiy 
<tf a pfodiug that is activatad by tiie transgene product witUn the qrtoplasm of the tumor 
endothelial cell to produce a cytotoxic agent (Kfoohen, el aL, Cancer Gene Thenep. /:279, 

s 1994). A number of atonative 'autdde geaaf may be usefol for cancer gene therapy 
(Moolten» et aL, supra). Introduction of the bacterial cytosine deaminase gene ^ber, et 
aL, Cancer Res. 53:4619. 1993) into tumor cells confers sensitivity to tiie antifungal ageM 
S-fluofO(^ane (S-FC). Cytosne deanunase converts S-FC to 5-fluorouradl (S-FU, 
Kishiyama, et aL, Cancer Res. 45:1752, 1985). Since 5-FU is commonly used 

10 diemotherepeutic diug for breast cancer, several groups have developed cytoane 
deanunase-based 'suidde gene' thenpy models for this disease. Tumor specificity may be 
fiirther increased by introdudng the c-erbB2 promoter/enhancer donoits 5' to the cytoane 
deanunase gene, so that the therapeutic transgene is preferentially transcribed in c-erbB2- 
overexpressing breast tumor cells (Harris, et al., Gene Therap. 1:YJQ, 1994). Alkaline 

IS phosphatase has been widdy explored as prodfug-activating enzyme in the rdated fidd of 
antibody directed cnzymne-prodnig tiierapy (ADEPT). This enzyme has Uie advantage that 
it can activate a wide range of phosphorylated derivatives of anticancer agents {e.g. 
mitomycin C. etopoade. etc.) that cannot cross cdl membranes until the charged phosphate 
group is deaved oS; so a nn^e enzyme could generate de mvo a cocktail of 

20 diemotherapeutic agents witiiin the tumor mass (Senter, et aL, Bioconjugiae Chem. 4:3, 
1993). Other suidde genes may encode a pcdypqitide or polypq)tides (with a 
corresponding non-cytotoxic agent) such as Herpes Simpex virus thymidine kinase 
(gancydovir or acydow), Varicdla Zoster virus thymidine kinase (6 methoxypurine 
arabino nucleoside; Hubcr, et al., PNAS M:8039, 1991), £. coli cytosine deaminase 

23 (fluorouradl; MuUcn, C.A., et al., PNAS USA 89.33, 1992). £. coli xanthine-guanine 
phophoribosyi transferase (thioxanthine; Beshard, C. etal.. MoL Cell BioL 7:4139. 1987). 
E. coli or Ldshmania purine nucleotide phosphoiylase (various nontoxic purine 
deoxyadenostne. adenosine, deoxyguanoane, or guanosine derivaties (Koszalka, G. and 
Krenitsky, T.A., J. Biol Chem 254:%\i5, 1979; Sorscher, E.J.. etal. Gene Therapy, 7:233, 

30 1994), cytochrome pla50 2B1 or cytochrome p450 reductase {e.g.. 3anuno-l,2.4 
benzotriazine 1,4-dioxide (Walton, M.I., et aL. Biockem. Pharmacol, 44:25\, 1992). cell 
surface alkaline phosphatase (eg., ctoposide monophosphate; Senter, PJ).. et al.. PNAS 
USA. 55:4842, 1988). nitroreductase (eg., metroiudazole or nitrofurantoin; Hot H, et al, 
Imrnunitat und In/ektion, 76:220. 1988). N-deoxyribosy transferase (l-deazapurine; 

35 Betbeder, D., et al.. Nucleic Acids Res 77:4217, 1989), pyruvate ferrodoxin 
oxidoreductase (metronidazol; Upcrofl. J.A.. et aL, Int. J. Parasitology. 20:489. 1990). 
caiboxypepidase G2 (aminoac^late nitrogen mustards; Antoniw, P., et al. Brit J. Cancer 
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tf2:9Q9, 1990), caiboxypq>tidase A (methotrexate alpha alanine; Haenseler, et aL. 
Biochemistry 3I:89J, 1992), P larramasr (cephalosporin derivatives; Meyer, DX., et oL, 
Cancer Res. 55:3956, 1993; and Viadhulap VJ^, et aL, Bioconjugate Chemistry ^:334, 
1993), Acttnomydn D synthetase complex (synthetic pentq)eptide lactone precursors; 

5 Katz, et aL. J. Antibiotics 43J23l^ 1990X and p-glucuromdase (various glucuronide 
derivatives of toxic drugs sudi as doxorubicin; Bosslet, et aL. Cancer Bes. 5^:2151, 
1994; Haeberiin, B., etaL. Pharmaceutical Bes. /0:1SS3, 1993). 

The HSV*TK system has important advantages for anti-tumor endothelial cdl 
therapy. In particular, HS V-TK transduced tumor cells can mediate a significant bystander 

10 killing efifect on untransduced neighboring cells in vitro and in vivo (Moohen, et al.. supra. 
Freeman, et ai.. Cancer Res. 5i:5274, 1993), most commonly as a result of transfer to the 
toxic gandclovir metabolite, GCV triphosphate, between adjacent cells through 
intercellular gap junctions (Bi, et al.. Human Gene Thercp., 4:725, 1993). Bidothelial cells 
in capillary walls are connected by gap junctions, so a dramatic bystander efifect created by 

IS GCV*triphosphate transfer between neighboring endothelial cells and the massive 
amplification efifects of the clotting cascade and the tumor to endothelial cell ratio 
(Burrows, et al.. sipra, Denekanq), et aL, Cancer Topics 6:6, 1986; Denekamp, et aL, 
Prog. AppL Microcir. ^:28, 1984)) could ensue. Recent evidence suggests that the 
occaaonal transduction of tumor endothelial cells during intraledonal therapy with HSV- 

20 TK retrowal vectors may account for a significant component of the antitumor activity of 
the vectors (Ram, et al., J. Neurosurg. 81256, 1994). In addition, the suicide gene is only 
conditionally cytotoxic to the target cells (f.e. only when GCV is given). Consequently, an 
ex vivo admimstration method may be utilized. Briefly, endothelial cells may be isolated 
fcom tumor biopsies (Medzelewski, et al.. Cancer Res. 54:226, 1994), induced to 

25 proliferate with appropriate nutogens (Ferrara, et al.. supra) and transduced with TK in 
vitro. Tran^Ianted EC become incorporated into the neovasculature in days to weeks after 
intratumoral injection (Lai, et al.. Cancer Gene Thercp. 7:322, 1994), so GCV treatment 
would follow a suitable lag phase* to allow the transduced EC to integrate functionally in to 
the tumor vasculature. This approach drcumvents the requirement for vectors to target the 

30 tumor endothelium after intravenous injection. Finally, the two-step enzyme-prodrug 
system oflFers greater flexibility of delicate clinical management, because cessation of GCV 
infiision in the event of (potentially very serious) complications ariang firom damage to 
normal EC, would block toxicity without the need to block transgene activity in situ. 

This invention also provides methods for starving tumor cdls of spedfic nutrients 

35 that are required to sustain the l^eractive metabolism and uncontrolled proliferation that 
characterizes the malignant state. Briefly, recombinant vectors are introduced into 
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pOTvascular tumor cdls wldch contain gene sequences of competitive inhibitors of nutrient 
recqnors or sped&c nutrient-d^rading oi^ones. 

Oxyguk and all other nutrients that are required for tumor cdl growth and survival 
which are generated by catabolic metabolism in the gut and liver enter established tumor 
5 masses through thdr blood supply. Selective cxpressicm of protons that bind or d^rade 
incommg nutrients in the perivascular interstitial space rapidly starve distal tumor cdls by 
nutrient dqirivation. 

Tumor growth is dearly rate-limited by oj^gen availability because the dassic 'cord' 
structure of tumor cdls (and many normal cells) around a central vessd is defined in radius 
10 by the diflEusion distance of oxygen (Denekamp, ei al. Cancer Topics 6:6, 1986). 
Difiiision of oxygen can be retarded in the perivascular interstitial space of the tumor by 
therapeutic gene transfer and expression of fi^ hemoglobin, or oxygen-binding firagments 
of f^ hemoglobin. 

Other methods of decreasing the available oxygen are to deliver the genes for 

IS enzymes that produce molecules capable of binding and displacing the oxygen molecules in 
the oxygenated hemoglobin complex. Such enzymes include those that synthesize cyanide 
{e.g., Wissing F.. et al., J. Bacteriol 727:695, 1975; Cutier, A.J., et al.. Arch. Biochem 
Biophys, 238:272, 1985) a carbon monoxide (heme oxygenases; Murphy, B.J., et al.. 
Cancer Pes. 53:2700. 1993) 

20 Reduced forms of fdic add are an essential vitamin required by cdls to synthesize 

nudeotide bases and perform one-carbon transfer rea^ns (fiCamen, et oL, PNAS 95:5983, 
1986). Many tumor cdls overexpress a high*affinity folate receptor (see bdow) and are 
partidly or completely growth-uihibited by folate deprivation (Matsue, et al, PNAS 
99:6006, 1992). A family of chemotherq)eutic drugs that includes methotrexate exert their 

25 antitumor activity by antagoiusm of the folate pathway (Koong-Nah, et al, J. Clin. Invest: 
97:1289, 1993). A truncated soluble form of the folate binding protein/folate receptor has 
been cloned (Wdtman, et oL, Cancer Res. 52:3396, 1992), which competes with ceUuIar 
integral membrane receptors if overexpressed in perivascular tumor cells as a result of 
transfer of the gene with a recombinant vector. Another polypeptide capable of binding 

30 nutrients in the perivascular interstitid space of the tumor that may be used is soluble 
transferrin receptors. 

It is possible that expres«on of simple stoichiometric binding proteins in the 
perivascular tumor interstitium may be overcome by excess nutrients entering the tumor 
mass. This could be ameliorated by transfcmng genes that degrade or render resistant to 

35 cellular uptake key nutrients, sudi as folate (Huennekens, F., et oL, NCI Monographs 5: 1 , 
1987; Huennekens, R, et aL. Advarwes in Enzymtd and Retaied Areas of MoL Biol. 
47:313. 1978), glucose (hexokinase), NAD (NAD phosphorylase), bases or nucleotides 
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(adenase. nucleotide hydrolases, or uncase; Wu, X., et aL, PNAS USA 91:742, 1994; 
Leyoux, R., ettd, J. Biol Chan. 257:8565, 1992; Ito, M.. et aL, Genomics JJ:905, 1991) 
To prevent posaUe diffbnon of soluble nutrient receptor-bindiqg proteins or 
d^radadve en^mes into die surrounding tissue, these genes may be engineered to contain 

5 DNA sequences cncodqg trindn^ domains for extracdlular nulrix proteins. Such fusion, 
or "dnmeric," protons would be secreted by perivascular tumor cdls and then would be 
rairidly bound to the plentifol extmnelhilar matrix proteins, inchidiqg odlagens, lamiiun, 
fibronectin, vitronectin and von WiUebrands ftctor (vWF), that are part of the tumor 
stroma and subendothdial basement membrane. The integrins are a superfamily of 

10 heterodimeric adheaon proteins expressed by all cells. In ectoderm-derived tissues (such as 
qrithelial and endothelial cells) int^rin function to andior cells to each other and to tissue 
stromal dements, directing tissue organization and regulating cdl growth and 
differentiation (Hynes. et al., CeU 69:11, 1992). Many integrins, particularly tiiose of the 
Bl and 03 fiuinlies, bind spea6ca33y to extracelldar matrix (ECM) protons, often through 

13 recognition of a common tripeptide. Aig-Gly-Asp (RGD), present in collagen, fibronectin, 
vitronectin and vWF (Ruostohti. et al.. Science 238:A9\, 1987). Inclusion of an RGD 
recogiution sequence fifom one of these int^rins in a recombinant nutrient receptor or 
enzyme gene should pemdt sequestration of the therapeutic protein in tiie locale required 
for optimal activity. The RGD recognition nte in the p3 integrin has been isohited and 

20 sequenced (Fitzgerald, et aL, J. BioL Chem. 262:3936, 1987). This domain may be 
included fai ECM-binding nutrient receptor antagonists since it recognizes a number of 
differoit ECM protons. Particukuty preferred fuaon protons are those comprinng an 
extracellular matrix binding fragment derived from §3 integrin and a fingmeht of the folate 
or transferrin recq>tors. 

25 One way of targeting vectors to tumor endothelial cells in animals may be achieved 

uring a dumeric envdope protein that has been en^eered to contain an avidin domain 
(that binds specifically to biotin) and then complexed with biotinyl derivatives of any of 
several monoclonal antibodies (MAbs) that are sdective or specific for capillary endotiidial 
cdls in solid tumors. Several sudi reagents have been described in the literature (Burrows, 

30 et al.. Pharmac. Titer. 64:155, 1994). For example, such reagents indude MAb FB5, 
recognizes a heavily sialylated glycoprotein, endosialin, tiiat is expressed at low to 
moderate levds by tumor endotiiidial cdls and reactive fibroblasts but is absent from the 
vasculature of normal tissues (Rettig, et aL. PNAS 59:10832, 1989); TEC-4 and TEC-11, 
which react witii endoglin (CD105), a Type m TGFB receptor that is upregulated; and 

35 LM609, a MAb that recognizes a conformationd determinant formed by q)itopes from the 
a and fi chains of the human vitronectin receptor (integrin ovBj, CD51/CD61). In samples 
of normd and mdignant human skin tissue, LM609 stained vessels only in the tumor 
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sample (Brooks, et al., Seienee 264:SC9, 1994). The avB3 int^rin appears to be involved 
in neovascularizadon sinoe LM609 inlubited angiogenests in several models (Brooks, et al., 
sigjru). One of the man specific and broadly applicaUe tumor endothdial cell markers is 
the leoqrtor-bound vascular endothdial cdl growth ftctor (VBGF). WEGF is a potent EC 

5 mitogen that is implicated in tumor anpogenesis in many modds Q^mtr, et al., J. Clin. 
ImesL P7:160, 1993; Kbn, et aL, Nature 56.2:841, 1993). This cytokine accumulates 
specifically in the tumor vasculature (Dvorak, et aL, J. Bp. Med 174:1115, 1991). even 
though ndther VEGF synthesis nor VE(7 reoqitor expression are specfic to tumors 
(Jakeman. et aL, J. Clin. Invest 89:2A4, 1992; Ferrara, et al.. J. Cell Biochem. 47:2\\, 

10 1991). MAbs have been raised against non-receptor-binding epitopes of human and 
guinea-pig VEGF (Thorpe, et al unpubUshed). When injected into nude mice bearing 
human tumor xenografts or tumor-bearing giunea ings, respectivdy, these MAbs localized 
almost exdusively to the tumor vasculature (Thorpe, et aL unpublished). Retroviral 
vectors requiring cdl diviaon for transgene expresaon enter target cells 'piggybaddng* on a 

IS mitogenic fiwtor, WEGF, and are integrated into the genome of target cells at high 
cfiBciency. 

Suitable tumor markers to target include, but are not limited to, c-erbB2/pl8Sl^'2 
(Shepaid, et aL, J. Clin. Imnrnn. 77:117, 1991), TAG-72 (Guadagni, et aL. Int. J. BioL 
Markers P:53, 1994), cardnoembiyodc antigen (CXA, Guadagni, et aL. supra), the high 

20 afBnity folate recq>tor (Bottero, et aL, Cancer Res. 5i:S791, 1993), polymorphic epith^d 
mucin (PEM, Rettig, et aL, Current Opinion Immunology 4:630, 1992), epidermd growth 
fkctor receptor (Rettig, et aL, stqad), a CD44 isoform (Rettig, et aL, supra) and prostate- 
specific antigen (Mulders, et al., Eur. J. Surg. Onco. 16:37, 1990). Targeting may be 
achieved with the appropriate biotinylated MAbs complexed to retrovird vectors with 

25 chimeric em^avidin receptors (U.S.S.N. 08/242.407), or a direct env-ligand Chimera- 
containing (e.^., heregulin, the ligand for c-erbB2) recombinam vector could be used. A 
particulariy piefared targeting ligand is folic add because it is readily available and can be 
attadied to recombinam vectors by a relatively mild chemicd procedure (Lee, et aL. 
Cancer Res. 52:5954, 1992). Importantly, the senim half-life of the vector may be limited 

30 \wthout loss of activity since the target subpopulation of tumor cells is one of the most 
readily accesable extravascular tissues in the body. Targeting to perivascular tumor cdls of 
a procoagulant protein whose site of action is "upstream" (i.e., in the lumen of the adjacent 
capillary) has been shown to be effective in vivo using a bispedfic anti-tumor/anti*tissue 
factor antibody (Molema, et al.. submitted for publication) because clotting fiictors leak 

35 into the perivascular tumor interstium through the hyperpermeavle tumor vascularity 
(Senger, etaL, siq^a). 
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Ahematively, tafgeting may also be achieved using hybrid envelopes (WO 
92/14829) carrying other ligands for target receptors such as her^gulin (bind her.2-neu) or 
EPO (binds the EPO recqitor) (WO 93/25234). Such hybrid envelopes may need to be 
conibmed with an unmodified envelope to ffw the required performance. Even though the 
s receptor ligand aflBnity may not be of the order that is deemed dearable for monoclonal 
antibody targeting, it may be sufiBdent to target the vector because of the nnihiple ligand 
receptor interactions vnih the target cells. This 'Vdcror effect is known to give vector-cell 
affinities in 10*^^ to 10*1^ range as measured by Scatchard blots (Yu, K, et al.. 
Proceedings of 1st West Coast Retrovirus Meeting, Eds. H. Fan and M. Linial. 1994) 

10 Several features of this strategy are optimal for recombiruuit vector gene therapy. 

In particular, it is important that the procoagulant protdn be synthesized close to the 
vasculature and this wiU occur because the perivascular tumor cells are the most phy^cally 
accessible tumor cells to drculating vector particles and are rapidly proliferating, thus being 
particulariy suscq)tible to recombinant viral infection. 

15 Since tumor cells are suseptable to integration because of their increased 

proliferation, gene therapy uang recombinant retroviral vectors based on the C-type viruses 
(e.g., MLV) may be used without targeting. Because only cycling cells will integrate the 
vector, non-dividing normal cdls voll be unaffected. Other proliferating epithelial cells 
(e.g., in hair foUides and the lumen of the gut) are separated Bom extravasating vector 

20 particles by several hiyers of stronud tissue. Consequently, it is unlikely that the vector 
iTrauld penetrate deeply enough into the tissue to be able to integrate in such cells 
(Burrows, etal.. Cancer Res. 52:5954, 1992). 

The present invention further provides recombinant vectors in a variety of viral 
vector packaging systems in which one or more essential functions of the parent virus has 

25 been deleted so that it is deficient in some fimction (e^*, genome replication), but retains a 
packaging signal and the ability to express a heterologous inserted gene sequence (the 
"gene of interest**). The deleted essential function or functions are provided by packaging 
cells into which the vector genome can be introduced to yield producer cell lines that then 
nudce replication defective viral particles encapsidating the recombinant vector. The 

30 recombinant vector may fiirther contain one or more nucleic acid cassettes described above. 
The vector genome is then introduced into target cdls by an infection event 
("transduction"') but is incapable of further propagation. In any such atuation, it is 
important to prevent the recombination of the various parts of the virus in a producer cell 
line to give replication competent virus genomes, or to eliminate cells in ^ch this occurs. 

35 Many such vectors, packaging cells and producer cells, may be constructed for a variety of 
viruses, niduding for example, poliovirus (Evans et al.. Nature 339:395. 1989, and Sabin el 
al, J. of Biol Standardization 7:115, 1973) (ATCC VR-58); rhinovirus (Arnold et al.. 
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J. Cell Biochem. L401, 1990) (ATCC VR-11 10); pox vinises, such as canaiy pox vinis or 
vaocinia yiius (Fisher-Hoch et al., PNAS M:3 17, 1989; Hexiier et al.. Am. N.Y. Acad Set. 
569:96, 1989; Ftexner erof.. Vaodne 8:11, 1990; U.S. 4,603,112 and U.S. 4.769.330; WO 
89/01973) (ATCC VR-111; ATCC VR-2010); SV40 (Mulligan et al.. Nature 277:108, 

5 1979) (ATCC VR-305X (Madzak et al., J. Gen. Vir. 73:1533, 1992); influenza virus 
(Luytjes et al.. Cell 59:1107, 1989; McMicheal et al.. The New England Journal of 
Medicine 309:12, 1983; and Yap et al.. Nature 273'J23S, 1978) (ATCC VR.797); 
adenovirus (Betkner et of.. Biotechniques 6:616, 1988. and Rosenfeld et al.. Science 
252:431, iWl) (ATCC VR-1); parvovirus such as adeno-assodated virus (Samulski et al., 

10 J. Vir. 65:3822, 1989, and Mendelson et al.. Virology 766:154, 1988) (ATCC VR-645); 
Human Immunodeficiency virus; herpes simplex virus (Kit et al.. Adv. Esq). Med Biol. 
215:219, 1989) (ATCC VR-977; ATCC VR-260); Nature 277: 108. 1979); HIV (EPO 
386,882, Buchschacher et al., J. Vir. 66:273 1, 1992); measles virus (EPO 440,219) (ATCC 
VR.24); Sindbis vims (ATCC VR.68; ATCC VR-1248; Xiong, et al.. Science 2i^:1188. 

15 1989) Semlild Forest virus (ATCC VR.67; ATCC VR.1247), Aura (ATCC VR-368). 
Bebaru vims (ATCC VR-600; ATCC VR-1240), Cabassou (ATCC VR-922). Chikungunya 
vims (ATCC VR-64; ATCC VR-1241), Fort Morgan (ATCC VR-924), (ietah vims 
(ATCC VR-369; ATCC VR-1243), Kyzylagach (ATCC VR-927). Mayaro (ATCC VR- 
66), Mucambo vims (ATCC VR-580; ATCC VR-1244X Ndumu (ATCC VR-371), Pbcuna 

20 vims (ATCC VR-372; ATCC VR-1245), Tonatc (ATCC VR-925), Triniti (ATCC VR- 
469X Una (ATCC VR-374), Whataroa (ATCC VR-926X ¥-62-33 (ATCC VR-375). 
Middleberg vims (ATCC VR-370), Ross River vims (ATCC VR-373; ATCC VR-1246), 
OTSTyong vims. Eastern encephalitis virus (ATCC VR-65; ATCC VR-1242), Western 
encephaUtis vims (ATCC VR-70; ATCC VR-1251; ATCC VR-622; ATCC VR-1252) or 

25 Venezuelan equine encephalitis virus (ATCC VR923; ATCC VR-1250; ATCC VR-1249; 
ATCC VR-532). and coronavims (Harare et al., Proc. Soc. Exp. Biol. Med 121:190, 
1966) (ATCC VR-740). In particular, such vectors, packaging cells and producer cells 
may be constmcted from a variety of retrovimses, including avian leukosis vims (ATCC 
Nos. VR-535 and VR-247), BLV (VR-1315), bovine leukemia vims, MLV, mink-cell 

30 focus-indudng virus (Koch et al., J. Vir. -/P:828, 1984; and OliflFer a/., J. Vir. 48:542. 
1983), murine sarcoma virus (ATCC Nos. VR-844, 45010 and 45016), 
reticuloendotiieUosis virus (ATCC Nos VR-994, VR-770 and 4501 1), gibbon ape leukemia 
virus, Mason-Pfizer leukenua virus, and rous sarcoma virus (ATCC Nos VR-772, VR-354, 
VR-270, VR-724 and VR-725). Particularly preferred retrovimses are nuuine leukemia 

35 vimscs 4070 A and 1504 A (Hartiey, J. Vir. 79:19, 1976). Abelson (ATCC No. VR-999), 
Friend (ATCC No. VR-245). Graffi (Ru et al., J. Vir. 67:4722, 1993; and Yantchev 
Neoplasma 26:397, 1979), Gross (ATCC No. VR-590). Kristen (Albino et al., J. Exp. 
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Med. 164:VJ\0, 1986), Harv^ sarcoma vinis (Manly et al., J. Vir. 62:3540, 1988; and 
Albino et td., J. Exp. hied. 164:1710, 1986) and Rancher (ATCC No. VR-998) and 
Molon^ leulnmia virus (ATCC No. VR-190). Particularly |»refened non-mouse 
retroviruses are rous sarcoma viruses, Bratislava, (Copdand et al., J. Neuropath. Eiq). 

5 Neurology 34m, PlOO, 1975), Bryan high titer (e.^.. ATCC Nos. VR-334, VR-657, VR- 
726, VR-659, and VR-728). Bryan standard (ATCC No VR-140). Carr-Zilber (Adgighitov 
et al., Neaplasma 27:159, 1980, Engdbreth-Holm-Swann (Laurent et al, Biochem 
BiophysActa 908:241, 1987), Harris, Prague (ATCC Nos. VR-772 and 45033), Schmidt- 
Ruppin ie.g., ATCC Nos. VR-724, VR-725, and VR-354). The expression vector may be 

10 readily assembled from any virus or retrovirus utilizing standard recombinant techniques 
{e.g., Sambrook et. al.. Molecular Clotting: A Laboratory Manual, 2d ed. Cold Spring 
Harbor Laboratory Press, 1989). Further description of the construction of retroviral 
vectors is described in U.S.S.N. 07/586,603, herdn incorporate by reference. 

\^^thin a preferred embodiment of the present invention, the recombinant vector is a 

15 recombinant retroviral vector. These constructs cany or express a selected gene(s) or 
sequence(s) of interest. Numerous retroviFal gene ddivery vdudes may be utilized within 
the context of the present invention, including for example EP 415,731; WO 90/07936; 
WO 91/0285, WO 94/03622; WO 93/25698; WO 93/25234; U.S. P«cnt No. 5,219,740; 
WO 93/11230; WO 9310218; VUe and Hart, Cancer Res, 55:3860-3864, 1993; Vile and 

20 Hart, Cancer Res, 55:962-967, 1993; Ram et al. Cancer Res. 55:83-88, 1993; Takamiya et 
aL, J. Neurosd. Res. 55:493-503, 1992; Baba etaL. J. Neurosurg. 79:729-735, 1993 (U.S. 
Patent No. 4,777,127, GB 2.200,651, EP 345,242 and WO91/02805). 

Retroviral gene delivery vdiicles of the present invention may be readily 
constructed from a wide variety of retroviruses, including for example, B, C, and D type 

25 retroviruses as well as spumaviruses and lentiwuses (see RNA Tumor Viruses, Second 
Edition, Cold Spring Harbor Laboratory, 1985). Briefly, viruses are often classified 
according to their morphology as seen under dectron miCTOscopy. Type "B" retroviruses 
I4)pear to have an eccentric core, vMe type "C" retroviruses have a central core. Type 
"D" retroviruses have a morphology intermediate between type B and type C retroviruses. 

30 Representative examples of suitable retroviruses indude those discussed in RNA Tumor 
Viruses, stq?ra, as well as a variety of xenotropic retroviruses (e.g., NZB-Xl, NZB-X2 and 
NZB9.1 (see O'Neill et aL, J. Vir. 53:100-106, 1985)) and polytropic retroviruses (e,g., 
MCF and MCF-MLV (see Kelly et al.. J. Vir, -#5(l):291-298, 1983)). Such retroviruses 
may be readily obtained from depontories or collections such as the American Type 

35 Cuhure CoOection (ATCC, RockviUe, MD), or isolated from known sources using 
commonly avulable teduuques. 
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Particularly preferred letrovinues for the preparation or construction of retroviral 
gene ddivery vdudes of tiie present invention include retroviruses selected from the group 
consistiqg of Avian Leukosis Vims, Bovine Leukemia Vims, Murine Leukemia Virus, 
Mink-CeU Focus-Indudi^ Virus, Kbirine Sarcoma Virus, Reticuloendothdioas vims and 
5 Rous Sarcoma Vims. Paiticubtfly preferred Murine Leukoma Vuuses include 4070A and 
1504A (Hartley and Rowe, J. VtroL 7P:19-25, 1976), Abdson (ATCC No. VR-999). 
Friend (ATCC No. VR-245), GrafB, CSross (ATCC No. VR-590). Kirsten. Harvey 
Sarcoma Virus and Rauscher (ATCC No. VR-998), and Moloney Murine Leukemia Vims 
(ATCC No. VR-190). Particulariy preferred Rous Sarcoma Vimses include Bratislava, 
10 Bryan high titer («.g., ATCC Nos. VR-334, VR-657, VR-726. VR-659, and VR-728). 
Biyan standard, Carr-Zflber, Engdbrcth-Holm, Harris, Prague {e.g., ATCC Nos. VR-772, 
and 45033). and Schmidt-Ruppin {e.g. ATCC Nos. VR-724. VR-725, VR-354). 

Any of the above retroviruses may be readily utilized in order to assemble or 
constmct retroviral gene deUvery vehicles ^vcn the disclosure provided herein, and 
15 standard recombinant techniques (e.^., Sambrook et aJ, MoUcubxr Ooning: A Laboratory 
Manual, 2d ed.. Cold Spring Haibor Laboratory Press, 1989; Kunkle, PNAS «:488, 
1985). In addition, ^vitlun certain embodiments of the invention, portions of the retroviral 
gene ddiveiy vducles may be derived from different retrovirases. For example, witiiin one 
embodiment of tiie invention, recombinant retroviral vector LTRs may be derived from a 
20 Murine Sarcoma Virus, a tRNA binding site from a Rous Sarcoma Virus, a packaging 
signal from a Murine Leukemia Vitus, and an origin of second strand synthens from an 
Avian Leukoas Virus. 

WttMn one aspea of die present invention, retroviral vector constmcts are provided 
comprising a 5' LTR, a tRNA binding site, a packaging signal, one or more heterologous 
25 sequences, an origin of second strand DNA syntiiesis and a 3' LTR, wherein the vector 
constmct lacks gag/poI or ewv coding sequences. Briefly, Long Terminal Repeats 
("LTRs") are subdivided into tfiree elements, designated U5, R and U3. These elements 
contain a variety of signals which are responsible for the biological activity of a retroviras. 
including for example, promoter and enhancer elements which are located within U3. 
30 LTRs may be readily identified in Uie proviius Ontegrated DNA form) due to tiieir precise 
dupUcation at either end of tiie genome. As utilized herein, a 5' LTR should be understood 
to inchide a 5' promoter dement and suffident LTR sequence to aUow reverse 
transcription and integration of tiie DNA form of ti» vector. The 3' LTR should be 
understood to indude a polyadenylation signal, and suffident LTR sequence to aUow 
35 reverse transcription and integration of the DNA form of tiie vector. 

The tRNA binding site and origin of second strand DNA syntiiesis are also 
important for a relroviros to be biologically active, and may be readily identified by one of 
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skm in the art. For example, retroviral tRNA binds to a tRNA binding site by Watson- 
Crick base pairing, and is carried with the retrovirus genome into a viral partide. The 
tIU4A is then utilized as a primer for DNA synthesis by reverse transcriptase ThetRNA 
binding site may be readily identified based upon its location just downstream fi-om the S' 

S LTR. Similarly, the origin of second strand DNA synthesb is. as its name implies, 
important for the second strand DNA synthesis of a retrovirus. This region, which is also 
refared to as the po^purine tract, is located just upstream of the 3' LTR. 

In ad^on to a 5' and 3' LTK, tRNA binding rite, and origin of second strand DNA 
syntheas, certain preferred recombinant retroviral vector constructs which are provided 

10 herdn also comprise a packaging agnal, as wdl as one or more heterologous sequences, 
each of ndiich is discussed in more detail below. 

Within one aspect of the invention, recombinant retroviral vector constructs are 
provided whidi lack both gag/paH and env coding sequences. As utilized herein, the phrase 
"lacks gc^/pol or env coding sequences" should be understood to mean that the 

15 recombinant retroviral vector does not contain at least 20, preferably at least 15, more 
preferably at least 10, and most preferably at least 8 consecutive nudeotides ^ch are 
found in gag/pol or env genes, and in particular, witlun gvgjpol or env oqwesaon cassettes 
that are used to construct packaging cdl Unes for the recomlrinant retroviral vector 
constructs are set forth in more detail bdowand inExampte 1. 

20 As an ilhistration, \rithin one embodiment of the invention construction of 

recombinant retroviral vector constructs which lack gag^ or «ifv sequences may be 
accomplished by preparing vector constructs whidi lade an extended packaging rignal. As 
utilized herein, the phrase "extended packagnig rignal" refers to a sequence of nudeotides 
beyond the minimum core sequence which is required for packaging, that allows increased 

25 viral titer due to enhanced packaging. As an example, for the Murine Leukemia Virus 
MoMLV, the mmimum core packaging signal is encoded by the sequence beginning from 
the end of the 5* LTR (approximatdy nudeotide 144). up through the Pst I site (nudeotide 
567). The extended packaging rignal of MoMLV indudes the sequence beyond nucleotide 
567 up through the start of the gag^ gene (nudeotide 621), and beyond nudeotide 1 560. 

30 Thus, within this embodiment recombinant retroviral vector constructs which lack extended 
packaging signal may be constructed from the MoMLV by ddeting or truncating the 
packa^ng rignal prior to nudeotide 567. 

Within other embodiments of the invention, recombinant retroviral vector 
constructs are provided wherein the packaging rignal that extends into, or overiaps with. 

35 retroviral ^^>^»o/ sequence is ddeted or truncated. For example, in the representative case 
of MoMLV, the packaging rignal is deleted or truncated prior to the start of the gag/pol 
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gene (nucleotide 621). Within preferred embodimems of the invention, the packaging 
signal is terminated at nucleotide 570, S7S, 580, 585, 590, 595, 600, 610, 615 or 617. 

Wttban other aspects of the mvention, recombinant retroviral vector constructs are 
pro^aded i^ch indude a padotging agnal that extends beyond the start of the gag^l 

5 gene (e.g:, for MoMLV, beyond nudeotide 621). When sudi recombinant retroviral vector 
constructs are utilized, it is preferable to utilize packaging cell lines for the production of 
recombinant viral paitides i^^ierein the 5' terminal end of the gag/pol gene in a gag^! 
expression cassette has ben modified to contain codons which are d^enorate for gag. 

WiMxi other aspects of the present invention, recombinant retroviral vector 

10 constructs are provided comprising a 5* LTR, a tRNA binding site, a packaging signal, an 
origin of second strand DNA synthesis and a 3' LTR, wherdn the recombinant retroviral 
vector constnict does not contain a retroviral nucldc add sequence upstream of the 5' 
LTR. As utilized v^thin the context of the presoit invention, the phrase "does not contain 
a retroviral nudeic add sequence upstream of the S* LTR** should be understood to mean 

IS that the recombinant retroviral vector does not contain at least 20, preferably at least IS, 
more preferably at least 10, and most preferabty at least 8 consecutive nudeotides which 
are found in a retrovirus, and more specifically, in a retrovirus which is homologous to the 
recombinant retroviral vector construct. Within a preferred embodiment, the recombinant 
retroviral vector constructs do not contain a env codmg sequence upstream of the 5* LTR. 

20 A particularly preferred embodiment of such recombinant retroviral vector constructs is set 
forth in more detdl bdow in Example 1 . 

Within a further aspect of the present invention, recombinant retroviral vector 
constructs are provided compriar^ a 5' LTR, a tRNA binding site, a packaging signal, an 
origin of second strand DNA synthesis and a 3' LTR, wherein the recombinant retroviral 

2S vector construct does not contain a retroviral packaging signal sequence downstream of the 
3* LTR. As utilized herein, the term "packaging signal sequence" should be understood to 
mean a sequence suffident to allow packaging of the RNA genome. A representative 
example of such a recombinant retroviral vector construct is set forth in more detail below 
in Example!. 

30 Packaging cell lines suitable for use with the above described recombinant retroviral 

vector constructs may be readily prepared (see U.S. Serial No. 08/240,030, filed May 9, 
1994; see also US. Serial No. 07/800,921, filed November 27, 1991), and utilized to 
create producer cell lines (also termed vector cell lines or "VCLs") for the production of 
recombinant vector partides. 

3S Within another preferred aspect of the invention, the recorhbinant viral vector is a 

recombinant alphavirus wbI vector based on Sindbis virus, which may fimction as gene 
delivery vehides. Briefly, the Sindbis virus is the prototype member of the alphavirus 
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genus of the togaviius fianily. The unsegmented genomic RNA (49S RNA) of Sindbis 
viim is approxinuttcfy 1U703 nucleotides in length, contains a 5' cq) and a 3* poly- 
adenylated tail, and diqilaya postive polarity. Infectious enveloped Sindbis vinu is 
pnxhiced by assembly of the viral nudeocq>ad proteins onto the viral genomic RNA in the 

S cytoplasm and budding through the cell membrane embedded with viral encoded 
glycoproteins. Entry of virus into cells is by endocytosis throu^ clatharin coated pits, 
fusion of the viral membrane with the endosome, release of the nudeocapsid, and uncoating 
of the viral genome. During viral replication the genomic 49S RNA serves as template for 
synthesis of the complementary negative strand. This negative strand in turn serves as 

10 template for genomic RNA and an internally initiated 26S subgenomic RNA. The Sindbis 
viral nonstructural proteins are translated fix>m the genomic RNA while structural protdns 
are translated from the subgenomic 26S RNA All viral goies are expressed as a 
polyprotein and processed into individual protdns by post translationd proteolytic 
cleavage. The packaging sequoice resides within the nonstructural coding region, 

15 therefore only the genomic 49S RNA is packaged into virions. 

Several different alphavirus vector systems may be constructed and utilized within 
the present invention. Repiesentatwe examples of such systems indude those described 
within U.S. Patent Nos. 5,091,309 and 5,217,879. 

Particulariy preferred alphavirus vectors for use within the present invention include 

20 those which are described within WO 95/07994 and U.S. Serid No. 08/405,627. Briefly, 
within one embodiment, Sindbis vector constructs are provided comprising a 5* sequence 
v^ch is arable of initiating transcription of a Sindbis virus, a nucleotide sequence 
encoding Sindbis non-structurd protdns, a vird junction region which has been inactivated 
such that vird transcription of the subgenomic fragment is prevented, and a Sindbis RNA 

2S polymerase recognition sequence. Within other embodiments, the vird junction region has 
been modified such that vird transcription of the subgenomic fragment is reduced, 
increased, or maintained. \^ithin another embodiment, Sindbis vector constructs are 
provided comprising a 5' sequence which is capable of initiatiAg transcription of a Sindbis 
vims, a nucleotide sequence encoding Sindbis non-structurd proteins, a first vird junction 

30 region which has been inactivated such that vird transcription of the subgenomic firagment 
is prevented, a second vird junction region which has been modified such that vird 
transcription of the subgenonuc fi:agnient is reduced, and a Sindbis RNA polymerase 
recognition sequence. Within yet another embodiment, Sindbis cDNA veaor constructs 
are provided compridqg the above-described vector constrocts, in addition to a 5' promoter 

35 which is capable of tiutiating the synthesis of vird RNA from d^NA, and a 3' sequence 
which controls transcription termination. 
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In 8tUl fiuther eiiibodimeiits^ the vector constructs described above contain no 
Sindbis stnictural proteins in the vector constructs the selected heterologous sequence may 
be located downstream fiom the viral junction region; in the vector constructs described 
above having a second viral junction, the selected heterologous sequence may be located 

5 downstream from the second viral junction region, pdiere the heterologous sequence is 
located downstream, the vector construct may comprise a polylinker located between the 
viral junction repon and sud heterologous sequence, and preferably the polylinker does not 
contain a wild-type S'mdbis virus restriction endonudease recognition sequence. 

The above described Sindbis ve^or constructs, as well as numerous similar vector 

10 constructs, nuiy be readily prepared essmtially as described in U.S. Soial No. 08/405,627, 
which is incorporated herein by reference in its entirety. 

In addition to the above viral-based vectors, numerous non-viral gene delivery 
vehicles may likewise be utilized within the contoct of the present invention. 
Representative examples of sudi gene delivery vehicles include direct delivery of nuddc 

15 add expression vectors, naked DNA alone (WO 90/11092), polycationic lipids and 
liposomes encapsulating nuddc add (dngle or double stranded DNA or RNA) expression 
vectors, polycation condensed DNA linked or unlinked to killed adenovirus (Curiel ei al., 
Hum. Gene Ther. 5:147-154, 1992), DNA linked to a ligand with or without one of the 
high affinity pairs described above (Wu et al., J. o/BioL Chem 2tf^:16985-16987, 1989), 

20 and certain eukaryotic cdls (e.^., producer cdls-see U.S. Serial No. 08/240/030, filed 
May 9, 1994, and U.S. Serial No. 07/800,921). All such DNA vectors can be delivered as 
a gene delivery vehicle where an initial RNA pol U transcription encodes a viral 
bacteriophage or other source RNA replicase and in the same or a separate transcript, an 
RNA message that can be amplified in the cytoplasm by the RNA replicase, encoding the 

25 desired gene to be explored for therapy (U.S.S.N. 08/404,796). 

When a gene delivery vehicle according to the invention is targeted to a tumor, a 
variety of strategies can be utilized. In one embodiment, to target the gene delivery vehicle 
to the tumor, a targeting dement is utilized to specifically direct a gene delivery vehicle to a 
selected cell type. Generally, targeting draients are proteins or peptides, although other 

30 non-protdnaceous molecules may also fimction as targeting dements. A wide variety of 
targeting dements are known in the art. For example, within one embodiment of the 
invention, antibodies nuiy be utilized in order to target a sdected cell type (see generally, 
WUchek and Bayer, AnaL Biochem 777:1-32, 1988). Representative examples indude 
anti-CD34 andbodies (e.^-, 12.8 (Andrews e/ai. Blood 67:M2, 1986). and My 10 (Civin et 

35 a/., y. Immunol. 755:157, 1984; commercially available from Becton Dickinson under the 
designation HPCA-2)) which may be utilized to target the anti-CD34 antigen on stem cells, 
the anti-CD4 antibody which may be utilized to target CD4+ T-cdls, anti-CD8 antibodies 
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to target CD8+ cells the HER2/heu monodonal antibody 4D5 (Sanip. et aL, Growth 
ReguL 1:72, 1991) to taiget ovarian and breast cells, the c-eibB-2 monodonal antibody 
CE)F-OA-pi8S.I (Alper. etaL, CeU Granrth Differ. 7:591, 1990) to taiBet breast cells, the 
TAG72 monoclonal Ab: CC49 and B72.3 QQng, et aL, J. Bioehem. 2W:317. 1992) to 

s tafget colon and breast ceOs, and the cardnoembiyonic antigen monodonal antibody 
ZCE02S (Nap, et al. Cane. Res. 52:2329. 1992) to taiget colon carcinoma cells. 

As an alternative to the use of targeting dements, a high aflbiiQr binding pair can be 
employed. A wide variety of high aflBnity binding pairs are known in the ait. 
Rq)resentative examples of suitable afiBnity binding pairs include biotin/avidin with an 

10 afiBnity (Kp) of 10"^^ M (Richards, Meih. Em. 184:3-5, 1990; Green, Adv. in Protein 
Chem. 29:85, 1985); cytostatin/papain with an afiBnity of lQr^*M (Bjork and Ylinenjarvi. 
Biochemistry 29:1770-1776, 1990); val-phosponale/ caiboxypeptidase A with an afiBnity of 
10-W M (Kaplan and Bartlctt, Biochemistry 3(^:8165-8170, 1991); 4CABP-RuBisCo with 
an afiBnity of IQ-l^ M, (Schloss, J. Biol Chem. 253:4 145-4 150, 1988); and tobacco 

15 homworm diuretic hormone/tobacco homworm dhiretic hormone receptor, with an afiBnity 
of lO-i^M (Reagan et aL, Arch. Insect Biodiem. Physiol 23:135-145, 1993). 

A wide variety of other high afiBnfty binding pairs may also be developed, for 
example, by preparing and sdecting antibodies whidi recognize a sdected antigen, and by 
further screening of such antn>odies in order to sdect those with a high afiBnity {see 

20 generally, U.S. Patent Nos. RE32,011, 4,902,614, 4,543,439, and 4,411,993; see also 
Monoclonal Antibodies. Hyhridomas: A New Dimension in Biological Analyses, Plenum 
Press, Kennett. McKeam, and Bechtol (eds.). 1980, and Antibodies: A Laboratory 
Manual, Harlow and Lane (eds ). Cold Spring Hariwr Laboratory Press. 1988). 
Alternatively, antibodies or antibody fragments may also be produced and sdected utilizing 

25 recombinant techniques (see William D. Huse ttal.. Science 2-/<S:1275-1281, December 
1989; see also L. Sastry etal, Proc Natl Acad. Sci. USA 86:5729-5732, 1989; see also 
NficheUe Ahing-Mees et al.. Strategies in Molecular Biology 3: 1-9, 1990; these references 
describe a commercial system avaUable from Stratacyte, U JoUa, California, which enables 
the production of antibodies through recombinam techniques). 

30 As win be evident to one of ordinary skill in the art given the disdosure provided 

herdn, other member (or molecule) of the afiBnity binding pair may be coupled to the gene 
deUvery vehicle (or conversdy, the targeting dement). Neverthdess, within preferred 
embodiments of the invention, the hirger of the two afiBnity binding pairs (e.g., avidin of the 
avidin^iotin pair) is coupled to gene delivery vdride. 

35 As noted above, certain embodiments of the presem invention provide gene deUvery 

vehicles which have been coupled to a member of a high afiBnity bindiiQ pair (dso referred 
to as the "coupled gene ddivery vdiicle"), as wdl as targeting demems which have coupled 
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to a member of a high aflSnity binding pair (also referred to as the "coupled targeting 
dement"). As utOized ^within the context of the present invoition, the term "coupled" may 
refe to either noncovalent or oovalent intefactions^ although generally covalent bonds are 
pr e fe rred. Numerous methods may be utilized in ordo* to couple one member of a Ugh 

3 aflSnity binding pair to either a gene delivery vdiide or a targeting dement, induding for 
example use of crosslinldng agents such as N-sucGinimid^*3«(2-pyijd^ dithio) propioiurte 
("SPDP"; Carlson et oL, J. Biochem. 173:723, 1978); Sulfosucdnimidy] 4*N- 
mdeiimdometh^ cydohexane-l-caibox^ate ("SuIfoSMCC"); l-ethyl-3 (3- 
dimeth^aminoprop^) carbodiinude ("EDC"); Bis-diazobenadine ("BDB"); and Periodic 

10 add / Schiff s base. 

Within particularly preferred embodiments of the invention, a member of the high 
afifinity binding pair is either expressed on, or induded as an integral part o^ the exterior 
{e.g., envdope) of the gene delivery vdiicle. For example, within one embodiment of the 
invention a member of the aflBnity binding pair is co-expressed dong with the envdope 

15 protein of a viral gene ddivery vdiide, as a hybrid protein. 

As those in the art will nppndnte, other targeting technologies are dso known in 
the art and may be employed to target a goie ddivery vehicle according to the invention to 
a particular tumor or cdl type. 

Ai^ of the gene ddivery vehides described above may indude, contain (and/or 

20 express) one or more heterologous sequences. A wide variety of heterologous sequences 
may be utilized vnMn the context of the present invention, induding for example, 
nucleotide sequences wludi encode polypeptides cq>able of causing blood dot formation, 
inhibiting fibrinolysis, inhibitirig tumor vascularization, activating a compound with littie or 
no cytotoxidty (/.e., a "prodrug") into a toxic product, and binding or metabolizing 

25 nutrients in the perivascular interstitium. 

DNA molecules encoding such heterologous genes may be obtained fi-om a variety 
of sources, such as doning fi-om plasmids dq>osited at recognized depositories of biologicd 
materids. Altemativdy, known cDNA sequences encoding cytotoxic genes or other 
heterologous sequences may be obtained fi-om cdls which express or contain such 

30 sequences. Briefly, within one embodiment of the invention, mRNA fi-om a ceU expressing 
the gene of interest is reverse transcribed with reverse transcriptase using oligo dT or 
random primers. The single-stranded cDNA may then be amplified by PCR {see 
U.S. 4,683,202, U.S. 4,683,195 and U.S. 4,800,159. See also PCR Technology: 
Principles and Applications /or DNA Amplification, Erlich, Stockton Press, 1989, all of 

35 which are herein incorporated by reference) utilizing oligonucleotide primers 
complementary to sequences upstream or downstream of desired sequences. In particular, 
a double stranded DNA is denatured by heating in the presence of heat stable Taq 



wo 9(01416 



PCrAIS9S/168S5 

-33- 



polymerase, sequence specific DNA primers, and nucleotide bases dATP. dCTP, dGTP and 
dTTP. After annealing and elongation, double-stfanded DNA is produced when synthesis is 
complete. This cycle may be repeated many times, resuhing in an exponential amplification 
ofthe desired DNA 

S Sequences which encode the above-described genes of interest may also be partially 

or completely chenucally synthesized, for example, on an Applied Biosystems Inc. 
automated DNA synthesizer {eg., ABI, DNA synthesizer model 392 (Foster City, CA)). 
Sudi genes may craqnise a naturally occurring nucleotide sequence, an "optimized" 
nudeotide sequence based on codon preference, or combiiuition(s) ofthe two. 

10 In another enibodment ofthe presem invention, recombinant vectors may direct the 

expression of mor« than one heterologous sequence. Such multiple sequences may be 
controUed dther by a angle promoter (whether it is presem in the vector or in the genome 
into which the vector u integrated), or preferably, by one or mbre additional promoters and 
may also indude internal ribosorac binding sites ("IRBS") in the event polydstronic 

15 messages arc employed. Such sequence are small, typically about 300 bp, and may readily 
be bicorporated imo a vector in order to express multiple genes from a multidstronic 
message v^ose dstrons b^ with this sequence (Jacejak and Samow, Nature 353:90, 
1991). 

As noted above, several anti-tumor agents may be adnunistered dther concurrently 

20 or sequentially in order to inhibit the growth of a sdected tumor in accordance with the 
methods ofthe present invention. For example, an anti-tumor agent such as y-lFN may be 
co-admiiustered or sequentially adnunistered to an animal along with other anti-tumor 
agents such as IL-2, or IH2, in order to inhibit or destroy the tumor in conjunction with 
recombinant vectors described herein. Such therapeutic compositions may be administered 

25 directly using a single vector which directs the expression of two or more anti-tumor agents 
or the anti-tumor agents may be expressed by independent vectors. Altemativdy, an anti- 
tumor agent according to the invention, is expressed by a recombinam vector administered 
to the animal. whBe other tumor agents ie.g., IL-2. y-IFN) are administered (e.g., 
intravenously) as a pharmaceutical composition. 

30 In another embodimem of the invention, a recombinant vector carried by the gene 

ddiveiy vehide may also be administered to a patient that expresses two anti-tumor agents. 
In such a vector, the first anti-tumor agent may be expressed from an LTR present in the 
recombinant vector and the other agent may utilize an addhional transcriptional promoter 
located between the LTRs. Alternatively, the second anti-tumor agent may be expressed as 

35 a polydstronic mRNA, which may incorporate one or more imemal ribosomc binding sites. 
Briefly, with respect to IRBS, the upstream untranslated region of the immunoglobuUn 
heavy chain binding protein has been shown to support the internal engagemem of a 
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bidstronic message {see Jaogak and Samow, Nature 353:90, 1S>91). This sequence is small 
(300 bp), and may reacfify be incorporated into a retroviral vector in order to express 
muhiide gnes fiom a muhi-dstronic message i^se dstrons begw A 
representative vector construct utilizing IRBS is set forth in more detail below in Examples 
5 5(A)Ci).5(B)(i).5(CKi).and5(DXi). 

In another enibodiment of the mvention, pharmaceutical compositions are provided 
compriar^ a gene ddivery vdiide in combination with a pharmaceutically acceptable 
carrier or dihient. Such pharmaceutical compositions may be prqiared in liqiud or solid 
form (e.g., lyophilized). The solid form is suspended in a solution prior to parenteral 

10 administration. A ther^>eutically effective amount the gene delivery vehicle will be 
admini^ered via IV., intra-arterially (I.AX or intralymphatically (I.L.). A therapeutically 
effective amount of the gene delivery vehide is an amount sufiSdent to hah tumor grwoth 
and preferably kill the tumor cells. Typical dosages are 10^, 10^, lO'^, 10^, 10^, 10^^, or 
IQll cfu for vectors that carry a sdectable marker and equivalent titer by PCR plaque 

IS formation or equivalent methods for those that do not. Nuddc add vectors are delivered 
at doses of 0.1, L0» 10, 100, 1,000, or 10,000 )ig. 

Pharmaceutically acceptable carriers or (Uluents are non-toxic to redpients at the 
dosages and concentrations employed. Representative examples of carriers or diluents for 
injectable solutions indude water, isotoiuc saline solutions which are preferably buffered at 

20 a phydological pH (such as phosphate-buffered saline or Tris-buffered saline), mannitol, 
lactose, dextrose, glycerol, and ethanol, as wdl as polypeptides or proteins such as human 
serum albumin. A particulariy preferred composition comprises a vector or recombinant 
virus in 40 mg/ml mannitol or lactose, S mg/ml HSA, 25 mM Tris, pH 7.2, 1 mg/ml 
arginine and 25 to 75 mM NaCl. This composition is stable at -70^C for at least six 

25 months. 

A variety of tumors may be sdected for treatment in accordance with the methods 
described herein. In general, solid tumors are preferred, although leukemias and 
lymphomas may also be treated if they have devdoped a solid mass, or if suitable tumor 
assodated markers exist such that the tumor cells can be physically separated from 

30 nonpathogenic normal cells. For example, acute lymphocytic leukemia cells may be sorted 
from other lymphocytes with the leukemia specific marker "CALLA*", Representative 
examples of suitable tumors indude mehmomas, colorectal cardnonuis, lung carcinomas 
(induding huge cell, small cell, squamous and adeno-carcinomas), renal cdl carcinomas and 
breast adeno-cardnomas. 

35 The following examples are offered by way of illustration, and provide preferred 

embodiments of the invention but are not meant to hmit the scope thereof Standard 
methods for many of the procedures mentioned or described in the following examples, or 
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autable alteniative prooedures, are provided in widdy recogmzed mamiaU of molecular 
biology nidi as, for cxamiile, Sambrook et aL, 'Molecular Cloning," Second Edition, Cold 
Spring HaiborLabontoiy Press (1997) and in Asubd era/:, (Eds.X 'Current Protocols in 
Molecular Biology," Greene Assodates/Wiley Intersdence. New York (1990). 

5 

EXAMPLES 
Example I 

10 Constniction of Recombinant Vectors 

A. Preparation of Retroviral Backbones 

i. Prenaration of Retroviral Backbones KT-1 and KT-3B 

IS 

The Moloney murine leukemia virus (MoMLV) 5' tong terminal repeat (LTR) EcoR 
I-EcoR I fragment, induding gi^ sequences, from the N2 (Armentano, et at., J, Vir. 
tfy:1647-16S0. 1987; Eglitias, et aL, Science 250:1395-1398. 1985) vector is Ugated imo 
the plasmid SK"^ (Stratagene, San Diego, CA). The resulting construct b designated 

20 N2R5. The N2RS construct is mutated by site-directed to Wiyo mutagenesis to change the 
ATG start oodon to ATT. preventing gag expression. Ibis mutagenized fiagmem is 200 
bp in length and flanked by Pst I restriction sites. The Pst I-Pst I mutated fragment is 
purified from the SK*^ plasmid and uiserted into the Pst I site of N2 MoMLV S' LTR in 
plasmid pUC31 to replace the non-mutated 200 bp fragment. The plasmid pUC31 is 

25 derived from pUC19 (Stratagene, San Diego, CA) in which additional restriction sites Xho 
I, Bgl n. BssH n and Nco I are inserted between the EcoR I and Sac I sites of the 
polylinker. This construct is designated pUC3 l/N2RSgM. 

A 1 .0 Kb MoMLV 3' LTR EcoR I-EcoR I fragment from N2 is cloned into plasmid 
SK+ resulting in a construct designated N2R3-. A 1.0 kilobase (Kb) Cla I-Hind III 

30 fragment is purified from this construct. 

The Cla I-Cla I dominant sdectable marker gene fragment from pAFVXM 
retroviral vector, compriang a SV40 early promoter driving expresaon of the neomycin 
(fieo) phosphotransferase gene, is doned imo the SK^ plasmid. This construct is 
designated SV+ SVi-neo . A 1.3 Kb Cto I-BstB I gene fragment is purified from the SK+ 

35 SVz'WO plasnud. 

KT-3B or KT-1 vectors are constnicted by a three part ligation m which the Xho I- 
Cla I fragment containing the gene of interest and the 1 .0 Kb MoMLV 3* LTR Cla I-Hind 
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m fragment are inserted btto the Xho I-Hind m she of pUC31/N2R5gM plasmid. This 
gives a vector designated as having the KT-1 backbone. The 1 .3 Kb Cla I-BstB I neo gene 
fragment from the pAFVXM retroviral vector is then inserted into the Cla I site of this 
plasmid in the sense orioitation to yield a vector designated as haviiig the KT-3B 
s baddxme. 



«fK«tmvir»l Backbone KT-3BC 



An ahemathw sdectable marker, phleomydn reastance ^Ailsant etaL, Sam. Cell 
10 cmdMol Gen. 7^:243, 1988, available from Cayla, CMex. FR) may be used to make the 
retroviral badd)one KT-3BC, for use in transforming genes to cells that are ah^y 
neomycin resistant. The plasmid pUT507 (Mulsam etal., Som. Cell and MoL Gen. 
14:243, 1988) is digested with Ndel and the ends blunted ^fnOi Klenow fragment. The 
sample is then digested with Hpa I and Cla I linkers are Ugated to the mix of fragment. The 
15 sample is then digested with Cla I to remove excess Cla I linkers. The 1.2 Kb Cla I 
fragmem carrying the rous sarcoma virus (RSV) LTR and the phleomydn resistance gene 
are isohrted by agarose gd dectrophoresis followed by purification using GeneClean n™ 
^iolOl, San Di^o, CA). TMs 1.2 Kb fragment is inserted into KT-1 instead of the 1.3 
Kb CU I-BstB I neomydn resistance firagment to gjve the baddwne KT-3BC. 

20 

iii. Prepmtion of Rgtrnvird B adchonea Contmninff a Pohfhnker. 

A polylinker sequence is inserted into each of the KT vector backbones (KT-1. KT- 
3B, KT-3BC) to frualitate the insertion of heterologous sequences. The poIyUnker is 
25 consuucted using two complementary oligonudeotides that form a duplex with Xho I and 
Cla I compatible sticky ends vAusi hybridized. 

KTLinkF: 

30 (Sequence ID No.: 1) 

5'-TCGAGCGCTATGCATGTTTAAACGCGTGCGGCCGCACGTGAT.3' 

KTLinkR: 

35 

(SequeMeIDNo.:2) 

5'-CGATCACGTGCGGCCGCACGCGnTAAACATGCATAGCGC-3' 
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The oligonucleotides are phosphoiylated with T4 polynudotide kinase, heated to 
90 C. and slow cooled to allow hybridization to occur. The hybrid is then ligated to the 
appropriate KT-1, KT-3B, or KT-3BC vector backbone fragment obtained after digestion 
«nth Xho I and Cla I, followed by treatment with alkaline phosphatase and agarose gel 
5 purification. The resulting constiucts contain Xho I, Eco47 m, Nsi I, Pme I, Mlu I, Notl. 
Pml I, and Oa I, as uiuque ntes for the insertion of heterologous sequoices. These 
constructs are designated pKT-lL. pKT-3BL. and pKT-3BCL. respectively. 

B. rnnstniction n f a Retroviral Vector Containing HSVTK 

10 

i. ronstniction of Plasmids Containing Vector T.TR Sequences 

The following retroviral vector is based on the N2 vector. Briefly, 5' and 3' Eco RI 
LTR fragment (2.8 and 1.0 Kb, respectively) (Armentano, J. Vir. d7:1647, 1987; Eglitis, 
15 Science 230: 1395, 1985) are initially subdoned into the Eco RI site of phumids SK+ and 
pUC31. pUC31 is a modification of pUC19 canyiqg additional restriction shes (Xho I, 
BglUBssHn, and Nco I) between the Eco Wand Sac I sites of the polyBnker. Plasmid 

N2R3+/- is thereby created from ligation of the SK* plasmid with tiie 1.0 Kb 3' LTR 
fragment. The pksmids p3 1N2R5+/- and p3 1N2R3+/- are constructed from the Ugation of 

20 pUC3 1 with the 2.8 Kb 5' LTR and packaging signal (SO or the 1 .0 Kb 3' LTR Augment, 
respectivdy. In each case N2 refers to the vector source, R refers to tiie fact that the 
fragment is an Eco RI fragment, 5 and 3 refer to 5' or 3' LTRs, and + or - refers to the 
orientation of tiie insert (see Figures 2-7 for examples of LTR subclones). 

In one case, a 1.2 Kb Cla VEco RI 5* LTR and 4' fragment from N2 is subcloned 

25 into the same sites ofanSK"^ vector. This vector is designated pN2CR5. In another case, 
the 5' LTR containing a 6 base pair (bp) deletion of the spUce donor sequence (Yee et al.. 
Cold Spring Hart)or. Quantitative Biology. 51:1021. 1986) is subdoned as a 1.8 Kb Eco RI 
fragment into pUC3 1. This vector is designated p3 1N25A[+1 (Figure 7). 

30 ii. ronstniction o f Plasmids Containing HSVTK 

The coding repon and transcriptional termination signals of HSV-1 tiiymidine 
kinase gene (HSVTK) are isolated as a 1 .8 Kb Bgl n/Pvu H fiagment firom plasmid 322TK 
(3.5 Kb Bam HI fragment of HSV-l (McKnight et al.. Nuc. Acids «:5949. 1980) doned 
35 into Bam HI of pBR322 (ATCC No. 31344)) and doned into Bgl IWSma I-digested 
pUai. This construct is designated pUCTK. For constructs which require ddetion of Uie 
termmator signals, pUCTK is digested with Sma I and Bam HI and the 0.3 Kb fragment 
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ooxitainiqg the (A)n signal is removed. The ranatning coding sequences and Bam HI 
overiiang are reconstitiited whh a double-stranded oligonucleotide made from the foOowing 
oligomen: 

5 (Sequence ID No.: 3) 

5* GAG AGA TGG GGG AGG CTA ACT GAG 3 ' 

(Sequence ID No.: 4) 

10 

5* GAT CCT CAG TTA GCC TCC CCC ATC TCT C 3' 



The resuhing constnict is designated pTKA A (Figure 8). 

For diagnostic purposes, the oligonucleotides are designed to destroy the Snui I site 
IS awhile nuuntaining the Ava I site without changing the translated protein. 

The plasmid pPiTKAA (Figure 9), which contains ibt HSVTK promoter and 
codiiig sequence (lacking an (A)b signal), is constructed as fidlows. 

1. pTKA A is linearized with Bgl II, treated with alkaline phoqriiatase, and gd 
purified. 

20 2. A 0.8 Kg fragment containing the HSVTK transcriptional promoter is 

isolated as aBam HI/Bgl n fragment from p322TK. 
3. Produrts from (3) and (4) are ligated, transformed into bacteria, and 
positive clones are sheened for the proper orientation of the promoter 
region. A resultant clone is designated pPrTKAA (Figure 9). 



25 



ill. Construction o f Retroviral Provectors Expressing HSVTK from a 
Constitutive Promoter 

The r^roviral provectors pTK-1 and pTK-3 are constructed essentially as described 

30 below. 

1. The 5 Kb Xho I/Hind III 5' LTR and plasmid sequences are isolated from 
p31N2R5(+) (Figure 2). 

2. HSVTK coding sequences lacking transcriptional termination sequences are 
isolated as a 1 .2 Kb Xho I/Bam HI fragment from pTKAA (Figure 3). 

35 3. 3* LTR sequences are isolated as a 1.0 Kb Bam HI/Hind m fragment from 

pN2R3(-) (Figure 3).' 
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4. The fiagments from steps 1-3 are mixed, ligated, transfonned into bacteria, 
and individual dones identified by restriction enzyme analysis. The 
construct is designated pTK*l (Figure 10). 

5. pTK-3 is constructed by linearizing pTK-1 with Bam HI, filling in the 5' 
5 overiuuig and bhmt-end ligating a S-filled Clal/C3a I fragment contaiiung 

the bacterial lac UV5 promoter, SV40 earfy promoter, plus TnS mJ gene 
obtained firom pAFVXM rttroviral vector (Krieger et al.. Cell 59:483, 
1984; St. et aL, PNAS 95:3150, 1988). Kananiycin*reststant clones 
are isolated and individual clones are screened for the proper orientation by 
10 restriction en^e analysis (see Figure 10). 

These constructs are used to generate infectious recombinant vector particles in 
conjunction with a packaging cell line such as DA described below. 



15 



C. Generation of Recombinant Sindbis Vectors 

i. Cloniny of a Sindbis Genomic Length cDNA 



The luiture of viruses having an RNA genome with positive polarity is such that 
when introduced into a eukaiyotic cell which serves as a permissive host, the purified 

20 genomic nucleic acid serves as a functional messenger RNA (mRNA) molecule. Thus, this 
genomic RNA, piirified fiom the virus, can initiate the same infection cyde which is 
characteristic of infection by the wild type virus fi"om which the RNA was purified. 

For example. Sindbis virus strain AR.339 (ATCC #VR-1248, Taylor et ah. Am. J, 
Trop. Med Hyg. 4:%AA 1955; isolated from the mosquito Culexus univittatus) may be 

25 propagated in baby hamster kidney-21 (BHK-21, ATCC # CCLIO) ceUs, infected at low 
multiplicity (0.1 pfii/ceU). Alternatively, Sindbis vinis strain HR (Lee Biomolecular, San 
Diego, CA) may also be used and propagated by the same methods. Sindbis virions are 
precipitated from a clarified lysate at 48 hours post-infection with (yfN) of 
polyethylene glycol-8000 (PEG) at 0_C, as described in U.S.S.K 08/198,450. Sindbis 

30 virions contained in the PEG pellet may be lysed with 2% SDS, and the poly-adenylated 
mRNA isolated by chromatogn^hy utilizing commercially available oligo dT columns 
(Invitrogen, San Diego, CA). 

Two rounds of first strand cDNA ^nthesis are poformed on the polyA selected 
mRNA, using an oligonudeotide primer with the sequence shown below: 



35 
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(Sequence ID No.: S) 

5'.TATATTCTAGA(dr)25-GAAATG-y 

5 Briefly, this primer contams at hs 5' end a five nucleotide "buflfer sequence' for efficient 
restriction endonuclease digestion, followed by the Xba I recognition sequence, 25 
consecutive dT nucleotides and ax nucleotides i^ch are precisely complementary to the 
extreme Sindbis 3' end. Thus, selection for first round cDNA syntheas occurs at two 
levels: (1) polyadenylated molecules, a prerequisite for fimctional mRNA, and (2) selective 

10 priming fix>m Sindbis mRNA molecules, in a pool containing multiple mRNA species. 
Further, the reverse transcription is performed in the presence of 10 mM Mel^OH to 
mitigate the fi^uency of artifidal stops during reverse transoiption. 

Primary genomic length Sindbis cDNA is then amplified by PCR in ax distinct 
segments using six pairs of overtyping primm. Briefly, in addition to viral complementary 

IS sequences, the Sindbis 5* end fisrward primer is constructed to contain a 19 nucleotide (nt) 
sequence corresponding to the bacterial SP6 RNA polymerase promoto* and the Apa I 
restriction endonuclease recognition sequence linked to its S* end. The bacterial SP6 RNA 
polymerase is poised such that transcription in vitro results in the inclusion of only a single 
non-viral C ribonucleotide linked to the A ribonucleotide, wluch corresponds to the 

20 authentic Sindbis S' end. Induaon of the Apa I recognition sequence fiidlitates insertion of 
the PCR amplicon into the plasmid vector pKS TL^ (Stratagene, San Diego, CA) poiylinker 
sequence. A five nt 'buffer sequence** is also inserted prior to the Apa I recognition 
sequence in order to permit effident digestion. The sequence of the SP6-S* Sindbis forward 
primer and all of the primer pairs necessary to amplify the entire Sindbis genome are shown 

25 below. The reference sequence (GenBank accession no. SINCG) is firom Strauss et al.. 
Virology 733:92-1 10, 1984. 
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Primer 


LocatioD 


Seq. ID 
No. 


Sequence 
(S'to3*) 


Recognition 
Sequence 
to V\ 


SP6-1A 
IB 


ApaI/SP6/+SIN 

ntltolS 

3.lB2-3.1aO 


6 

7 


TATATGGGOOCQAITTAOGTQACA 
CTATAOATroACGGCGTAGTACAC 


Apal 


2A 
23 


3.144-3a64 
S,90>-3,88S 


8 

A 

y 


ATACTAGCCACXXX:CGGTATC 


Agel 


3A 

7349R 


3,844-3.864 
7,349'7.328 


10 
11 


ACXnTGGAGCGCAATGTCCTG 
CCTTTTCAGGGGATCCGCCAC 


EooRI 

Dam IXT 

tsam HI 


T32SF 
3B 


7.328-7.349 
9.38S-9.366 


12 
13 


GTGGCGGATCCCCTGAAAAGG 

TGGGCCGTGTGGTCuTCATkj 


Bam HI 


4A 

10394R 


9.336-9.336 
10.394-10^72 


14 
13 


TGGGTCTTCAACrCACCGGAC 
CAATIXXIACOrACOOCrCACTC 


Bdl 
BdWI 


10373F 
4B 


10.373-10.394 
XbalAITss 


16 


GAGTGAGGCGTACGTCGAATTG 


BsiWI 




11.703-11.698 


3 


TATATTCTAGA(dTh5-QAAATG 


Xbil 



PGR amplification of Sindbb cDNA ^mth the six primer sets shown above is 
perfbnned in separate reactions, using the Thennalase thennostable DNA polymerase 
(Amreseo Inc., Solon. OH) and the bufifer containing 1.5 mM Mga2. provided by the 
3 supplier. Additionally, the reactions, containing 5% DMSO and Hot Start Wax beads 
(Peridn-Ebner, Los Angdes, CA), are perfonned uang the following PGR amplification 
protocol shown below: 



TemDerature ("Q 


Time (Min.) 


No. Cycles 


94 


2.0 


1 


94 


0.5 




55 


0.5 


35 


72 


3.5 




72 


10.0 


1 



10 Following amplification, the sfat reaction products are inserted first imo the pCR n vector 
(Invitrogen, San IXego, CA). Then using the q>propriate enzymes shown above, the 
fragments are inserted stepwise into the pKS 11*" vector between the Apa I and Xba I sites. 
This clone is designated as pVGSP6GEN. 

The Sindbis genomic cDNA done pVGSP6GEN is linearized by digestion with Xba 

15 I, which cuts pVGSP6GEN once, immediately adjacent and downstream of the 25 
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mT^'jy^^*. long poly dA:dT nctcfa. Tbe linenBed pVGSP6(SN done is purified with 
Q fti>rbin n™ and adjiuted to i ooooeBtntioa of O.S ng/nd. Tnmscription of the 
Koearixed pVGSP6GEN done ii p er tom Bd in vUro at 37jC for 90 miiiutes aocoidiQg to 
the fbOowiiv iMcdon eoodUom: 2 |d |d HiO; 10 id 2.S mM MTPs (UTP. 

S ATT.OlP,CIF);l^|U2OflAIMe7G(57ppp(5OOGq>aiilo0^ 

5 |tl SXtmeriptioD bufbr (Pramegm Madison, WI); O.S |il RNastn ^romega. Madison. 

111 in n^gH hnwine ■enmrihrnmn; md 0.5 |il SP6 RNA poMnewse (Promega. 
MaiSsoo^WO- The <w vfl>o Uausaipti on reaction products are subs eq u e ntly digested with 
DNase I ^Iomega, Madison, WQ and purified by sequential phenol/CHCls and ether 

10 extraction, fidlowed by ethanol precipitation, or ahemativdy, are used directly for 
transfection. The m vitro transcription reaction products or purified RNA are complexed 
with a coomicfdal cationic lipid compound (LipofiBCtin™. CHBCO-BRL, Gaithersburg, 
MD), and appfied to BHK-21 odls maintained in a 60 mM petri dish at 75% confluency. 
The transfected edls are incubated at 30_C. After 94 hours post-transfection. extensive 

IS eyti^wtlnc effieft (cpe) are observed. No obvious ept is observed in plates not receiving 
RNA transcribed fitom die SindlnscDNA done. Further, 1.0 ad of supernatant talwn firom 
transfected odls, added to fiedi monolayers of BHK-21 cdls, and incubated at 30.C or 
37jC toultt in obvious cpe widnn 18 hours. This demonstrates that the Sindbis cDNA 
done pVGSP6GEN is indeed infecdous. 

20 Sequence analysis of pVGSP6GEN, shown in Table 1, reveals muhiple sequence 

<fiffoences between the Sindbis genomic done described herein and the viral done whose 
ffq^^fl^^^f is contained in Geiibank. Many sequence ififferences result in non-conservative 
muno adds dianges in die Sndlns proteins. To address which sequence changes are 
unique to the done described herein, or result firnn doning aiti&cts, virion RNA is 

23 anq>lified by RT-PCR as described above, and sequence relating to the nudeotides in 
question is determined by direct sequencing of the RT-PCR an^>licon product using a 
commetcially available kit Q^rom^ Madison, WI) and compared to the corresponding 
pVGSP6CSN sequence. The resuhs of this study are given in Table 2. Briefly, three non- 
conservative amino add changes, G)ytoGhi,AsptoGly, andTyrtoCys, which are a 

30 resuh of domt^ artifiuAs, are observed at viral nudeotides 2,245, 6,193, and 6,730, 
respectivdy. These ntdiai^ resuh in non-conservative anuno add substitutions wUdidl 
map to die viral non-structural protein (NSP) genes, nt 2,245 to NSP 2, and m 6,193 and 

6.730 to NSP4. 

Repair of die NSP 2 and NSP 4 genes is accomplished by RT-PCR, as described 
39 above; usii« virion RNA fiom a 5 times plaque purified stock. The SP6-1A/1B primer pair 
described above is used to repair die nt 2,245 chaise. Hie RT-PCR ampUcon product is 
digested widi Eoo 47m and Bgl n, and die 882 bp inement is purified by 1% agaroseOBE 
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gd electrophoresis, and inserted into the conesponding region of the pVGSP6GEN clone, 
prepared hy digestion with Eco 47m and Bgl Hand treatment with CIAP. The3A^349R 
primer pair described above is used to repair the nt 6,193 and nt 6,730 changes. TheRT- 
PCR ampGcon product is digested with Eco RI and Hpa I, and the 1,050 bp fragment is 
5 purified by 1% agarosdIBE gd deetrophoresis, and exchanged with the conesponding 
region of the pVOSP6GEN done. This done is designated pVGSP6GENrep. 
Transfection of BHK-21 cdls with in vitro transcribed KNA from pVGSP6GENrep DNA 
linearized by ifigestion with Xba I resuhs in extenavecpe 18 hours post transfection. 
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Tabic 1 

Siadbb Genomic Clone DifTcraiccs between Viagene and GenBank Sequences 



SINntNo. 


Change 


Codon Change 


Location in 
Codon 


Amino Acid 
Chanee 


Noncodin^Reirion: 


45 |T->C IN.A. IN.A. |N.A. 


Non-structural Proteins: 


353 


C->T 


UAU->UAC 


3' 


Tvr->Tyr 


1.095 


A->C 


AUA->CUA 


r 


Ile->Leu 


1.412 


T->C 


UUU->UUC 


3*. 


Phe->Phe 


2.032 


A->G 


GAG->GGG 


T 


Glu->Gly 


2.245 


G->A 


GGG->GAG 


2' 


Gly->Glu 


2.258 


A->C 


UCA->UCC 


3' 


Ser->Ser 


2.873 


A->G 


CAA->CAG 


3* 


Gln->Gln 


2,992 


C->T 


CCC->CUC 


2' 


Pro->Leu 


3,544 


T->C 


GUC->GCC 


2' 


Val->Ala 


3,579 


A->G 


AAA^GAA 


r 


Lvs->Glu 


3.822 


A->G 


ACC->GCC 


r 


Thr->Ala 


3.851 


T->C 


CUU->CUC 


3' 


Leu->Leu 


5,351 


A->T 


CAA->CAU 


3' 


Gln->His 


5,466 


G->A 


GGU->AGU 


r 


Gly->Ser 


5,495 


T->C 


AUU->AUC 


3' 


lle->Ile 


5,543 


A->T 


ACA^ACU 


3' 


Thr->Thr 


5.614 


T->C 


GUA->GCA 


2' 


Val->Ala ! 


6,193 


A->G 


GAC->GGC 


2' 


Asp->Gly • 


6,564 


G->A 


GCA->ACA 


1" 


Ala->Thr 


6.730 


A->G 


UAC->UGC 


2' 


Tyr->Cys 


StryCtHral Prot? in?: 


8.637 


A->G 


AUU->GUU 


r 


Ile->Val 


8.698 


T->A 


GUA.>GAA 


2' 


Val->Glu 


9.108 


AAGdel 


AAG->del 




Glu->del 


9,144 


A->G 


AGA.>GGA 


V 


Arg->GIy 


9,420 


A->G 


AGU->GGU 


V 


Ser->Gly i 


9,983 


T.>G 


GCU.>GCG 


3* 


Ala->Ala i 


10.469 


T->A 


AUU->AUA 


3* 


Ile->lle 


10.664 


T->C 


UUU->UUC 


3' 


Phe->Phe 


10.773 


T.>G 


UCA.>GCA 


V 


Ser->Ala 
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Tabid 

Sindbb Genomic Clone Artifkct Aaalyiis 



SIN nt No. 


Amino Add 
Chanee 


Viagenc Unique 


Qoning Artifact 


Nonstnictural Proteins: 


2.032 


Glu->Gly 


+* 




2.245 


Glv->Glu 




+ 


2.258 


Ser->Ser 


+♦ 




2.873 


Gln->Gln 


+ 




2.992 


Pro->Lcu 


+ 




3,544 


Val->A]a 




+ 


3.579 


Lvs->Glu 


+ 




3.822 


Thr->Ala 




+ 


3.851 


Leu->Leu 




+ 


5,351 


Gln->His 






5.466 


Glv->Ser 




+ 


5.495 


Ile->]le 




+ 


5,543 


Thr->Thr 




+ 


6.193 


Asp->Glv 




+ 


6.730 


Tyr->Cys 




+ 


Structural Proteins: 


8.637 


Ile->Val 


+ 




8.698 


Val->Glu 


+ 




9.108 


Glu->del 






9.144 


Arg->Gly 


+ 





* Mixture: Both Genbank and Viagoie Sindbis strains present at this nucleotide. 



ii. Generation of DNA Vector s Which Initiate Alphavinis Infection: Eukarvotic 
S I jivered Vector Initiation Systems 

As noted above, the present invention provides eukaryotic layered vector initiation 
systems which generally comprise a promoter which is capable of initiating the 5' synthesis 
of RNA from cDNA, a constivct which is c^wble of autonomous or autocatalytic 
10 replication in a cell, the construct also bdng capsble of expressing a heterologous nucleic 
acid sequence(s), and a 3' sequence vi^ch controls transcription terminatioa Witiiin one 
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embodiment, sach constructs may be constructed of the following ordered elements: a S' 
eukaiyotic promoter capable of initiating the syntheas of viral RNA at the authentic 
alphavinis S' end, a 5' sequence ^ch is cquble of initiating transcription of an alphavirus, 
a nucleotide sequence encoding alphavirus nonstructural proteins, a viral junction region, a 
S heterologous sequence, an alphavirus RNA polymerase recognition sequence, and a 3' 
transcription temimation/polyadenylation signal sequence. Such alphavinis cDNA 
expression vectors also may indude interveiung sequences Ontrons), vAtich are spliced from 
the pre-RNA in the nucleus prior to transport to the cytoplasm, and which may improve the 
overall efficiency of the system, in terms of molecules of functional mRNA transported to 

10 the cytoplasm. The intron splicing signals are located, for example, between Sindbis and 
heterologous gene regions. 

Construction of a eukaryotic layered vector initiation system utilizing the Sindbis 
clone pVGSP6G£Nrep and mammalian RNA polymerase II promoters may be 
accomplished essentially as follows. Briefly, plaanid pVGSP6GENrep is digested with Bgl 

15 n and Xba I, and the reaction products are electrophoresed in a 0.8% agarose/TBE gel. 
The resulting 9,438 bp fragment is excised, purified with GeneClean II™ and ligated into 
the 4,475 bp vector fragment resulting from treatment of pCDNA3 (Invitrogen, San Diego, 
CA) with Bgl n, Xba I, and CIAP. This construction is designated as pcDNASINbgl/xba. 
The U3 region of the LTR from MoMLV is positioned at the 5' viral end such that 

20 the first transcribed nucleotide is a ungle G residue, which is capped in vivo, followed by 
the Sindbis 5* end. Juxtaposition of the MoMLV LTR and the Sindbis S' end is 
accomplished by overlapping PCR as described below. Amplification of the MoMLV LTR 
in the first primary PCR reaction is accomplished in a reaction containing the BAG vector 
(Price e/ a/., PNAS 8^:156-160, 1987) and the following primer pair: 

25 

Forward primer: BAGBgl2Fl (buffer sequence/Bgl II recoginition sequence/MoMLV LTR 
nt 1 to 22): 

(Sequence ID No.: 17) 

30 

5'-T ATAT AGATCTAATGAAAGACCCC ACCTGTAGG.3 ' 
Reverse primer: BAGwt441R2 (SIN nt S to 1/MoMLV LTR nt 441 to 406): 
3S (Sequence ID No.: 18) 

5"-TCAATCCCCGAGTGAGGGGTTGTGGGCT(nTTTATTGAGC-3' 
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PGR amplification of the MoMLV LTR with the primer pair shown above is 
peffoimed using the Thennalase themiostable DNA polymerase and the buffer containing 
1.5 mM MgCb, provided by the supplier. The PGR reaction, containing 5% DMSO and 
5 Hot Start Wax beads, is conducted uang the following PGR amplification protocol: 



Temperature ( O 


Time (Min.) 


No. Cycles 


94 


2.0 


I 


94 


0.5 




55 


0.5 


35 


72 


0.5 




72 


10.0 


1 



Amplification of the Sindbis 5' end in the second primary PGR reaction is 
accomplished in a reaction containing the pVGSP6GENrep done and the foUovnng primer 
10 pair: 

Forward primer: (MoMLV LTR nt 421 to 441/SIN nt 1 to 16): 
(Sequence ID No.: 19) 

IS 

5'-GGAGAAGGGGTGACTGG<X5GATTGACG<3GGTAGTAG-3* 
Reverse primer: (SIN nt 3,182 to 3,160): 
20 (Sequence ID No.: 20) 

5'-GTGGGAAGGGGTAAGTAGGATAG-3* 

PGR amplification of the MoMLV LTR is with the primer pair and amplification 
25 reaction conditions described above, utilizing the PGR amplification protocol shown below: 
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Temperature (^C) 


Time (Min.) 


No. Cydes 


94 


2.0 


1 


94 


0.5 




55 


0.5 


35 


72 


3.0 




72 


10.0 


1 



The 457 bp and 3,202 bp products from the primaiy PGR reactions are purified 
yAth GeneCiean n™, and used together in a PGR reaction with the folloi^ng primer pur: 

5 Forward primer: BAGBgI2Fl (buffer sequence/Bgl n recoginition sequence/MoMLV LIU 
nt 1 to 22): 

(Sequence ID No.: 21) 
10 5'-TATATAGATCTAATGAAAGACCCCACCTGTAGG-3' 
Reverse primer: (SIN nt 2,300 to 2,278): 
(Sequence ID No.: 22) 

15 

5.GGTAACAAGATCTCGTGCCGTG-3* 

PGR amplification of the primer PGR amplioon products is with the primer pair and 
amplification reaction conditions described above, utilizing the following PGR amplification 
20 protocol shown below: 



Temperature VCi 


Time (Min.) 


No. Cycles 


94 


2.0 


1 


94 


0.5 




55 


0.5 


35 


72 


3.0 




72 


10.0 


1 



The 25 3* terminal bases of the first primaiy PCR amplicon product overlap with the 
25 5* terminal bases of the second primary PCR amplicon product; the resultant 2,752 bp 
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overiqiping secondaiy PGR amplicon product is purified by 0.8% agarose/TBE 
dectrophoiesis. digested with Bgl II, and the 2.734 bp product is Ugated into 
pcDNASINbgl/xba treated with BgJ n and calf intestine alkaline phosphatase (CIAP). The 
Tcsuhing constniction is 16.656 bp and is designated pVGELVIS. Sindbis nucleotides are 

5 contained within bases 1 to 1 1,700 of the sequence. 

pVCXLVIS ptosmid DNA is conq)lexed with Upofectamine according to the 
conditions suggested by the supplier (ca. S )ig DNA/8 ^g lipid reagent) and added to 35 
nun weUs containing BHK-21 cells at approxinutely 75% confluency. Cytopathic effects, 
characteristic of wild type Sindbis virus infection are observed within 48 hours post 

10 infection. Addition of 1.0 ml of transfection supernatant to fresh BHK-21 monolayers 
results in cpe within 16 hours. This data demonstrates the correct juxtaposition of the viral 
cDNA and RNA polymerase II expression cassette signals in the pVGELVIS construct 
result in the ^ novo initiation of an RNA virus from a DNA expression module. 

In order to determine the relative efficiency of the pVGELVIS plasmid DNA to 

15 initiate infection characteristic of wild-type Sindbis vinis after transfection into BHK cells, 
an infectious centers assay is peifonned. Briefly, 5 pg of pVCXLVIS plasmid DNA is 
transfected onto BHK-2! cdls in 35 mm weUs as described above, and at 1.5 hours post- 
transfection the cells aie tiypsinized and serially dihited 10,000-fold, over 10-fold 
increments, uito 5 x 10^ untreated BHK-21 cells. This transfected and untreated BHK-21 

20 cell nuxture is then added to 35 mm wells. The cdls are allowed to atuch to the plate, and 
subsequently overhiyed with media containing 1.0% Noble agar. At 48 hours post- 
transfection, plaques due to cell lysis (as a result of Sindbis virus replication) may be 
visualized either directly or after overiaying with a second layer containing neutral red stain. 
This experiment reveals that the efficiency of the pVGELVIS plasmid in generating wild 

25 type Sindbis virus after transfection onto BHK-21 cells is approximately 1 .0 x 10^ pfu/Mg 
of plasmid DNA. 

iti. ronstmction of the Sindbis RNA and Plasmid DNA Basic Vector 

30 A first step in the construction of the Sindbis Basic Vector is the generation of two 

plasmid subclones containing separate dements torn the viral 5' and 3' ends. These 
dements may then be utilized in order to subsequently assemble a basic gene transfer 
vector. 

Briefly, the first plasmid subdone is constructed to contain the 40 terminal 
35 mideotides of the viral 3' end and a 25 bp stretch of consecutive dA:dTnudeotides. In 
particular, the following oligonudeotide purs are first synthesized: 
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Forward Piimer: SINl 1664F: (buffer seqoence/Not I she/ SIN nt 1 1.664 to 1 1.698): 
(Sequence ID No.: 23) 

5 5'-TATATGCGGCX:G CTiICl 1 1 lA TTAATCAACAAAATTTTGTTTTTAA-3' 

Reverse Primer SIN&url 1700R (bufibr sequenoe/Sac I she dT2S/SIN nt 1 1.700 to 1 1.692): 
(Sequence ID No.: 24) 

10 

S'.TATATGAGCT Cl 1 1 1 1 U riTlTll 1 HI U 1 1 i 1 l GAAATGTTAAAA-3' 

The above oligonucleotides are then mbced together at equal molar concentrations 
in the presence of 10 mM MgCb, heated to 100_C for S minutes and cooled slowly to 

IS room temperature. The partially double-stranded molecule is then filled in using Klenow 
DNA polymerase and SO ^M dNTPs. The resultant 89 bp molecule is dien digested with 
Not I and Sac I, purified on a 2% NuSieve/1% agarose gel. and ligated into pKS II+ 
plasmid, prepared by digestion whh Not I and Sac I and treatment whh CIAP, at a 10:1 
molar excess of insert to vector. This construction is deagnated pKSn3'SIN. 

20 The second plasmid subclone is constructed to contain the first S' 7.643 nucleotides 

of Sindbis and a bacteriofduige RNA polymerase promoter portioned at the viral S' end 
such that only a angle non-viral nucleotide is added to the authentic viral 5' end after 
in •\itro transcription. Briefly, the 3' end of this done is derived by a standard three 
temperature PCR amplification vdth a reverse primer having the sequence shown below. 

25 

Reverse Primer: SINXho7643R (buflfer sequence/Xho I site/SIN nt 7,643 to 7,621): 

(Sequence ID No.: 25) 
30 5TATATCTCGAGGGTGGTGTTGTAGTATTAGTCAG-3' 

The reverse primer maps to viral nucleotides 7,643 to 7,621 and is 41 bp 
downstream fi^om the junction core element 3* end. AddWonally, viral nucleotide 7,643 is 4 
nucleotides upstream firom the structural protein gene translation iiutiation codon. The first 
35 five 5' nucleotides in this primer are induded to s«ve as a "buffer sequence' for the efiSdent 
digestion of the PCR amplicon products, and are followed by 6 nucleotides comprising the 
Xho I recognition sequence. 
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The forward primer in this reaction is primer 2A {see Example IC©), having the foUowing 
sequence: 

S (Sequence ID No.: 8) 

5*-ATACTAGCCACGGCCGGTATC-3' 

The 4,510 bp amplicon product, resulting from the PCR amplification shown above 
with pVGSP6GENrep plasmid {see Example ICO)) « template, is digested with the 
enzymes Sfi I and Xho I. The resuham 2,526 bp fragment is gel purified. Sindbis cDNA 
clone pVGSP6GENrep is also digested with Apa I and Sfi I, and the resultant 5,144 bp 
fragment which includes the SP6 RNA polymerase promoter at its 5* end is gel purified. 
The 5,144 bp fragment is ligated together with the 2,526 bp Segment from above, along 
with the Apa I and Xho I digested, OAP treated pKS n+ plasmid. A clone is isolated 
having the Sindbis nucleotides 1 to 7,643 and inchiding an RNA polymerase promoter at its 
5' end contained in the pKSn+ plasmid vector. This construction is designated 
pKSnS'SIN. 

Assembly of the complete basic vector is accomplished by digesting pKSn5'SIN 
with Xho I and Sac I, treating with CIAP, and gel purifying a large 10,533 bp firagment. 
The 10,533 bp fragment is then tigated together with a 168 bp small fragment resulting 
from digestion of pKSIIS'SIN with Xho I and Sac I. This resultant construction is 
designated pKSSINBV, and is shown in Figure 1 1 A. 

23 iv. rnnstniction of Sindbis Luciferase Vector 

The firefly luciferase reporter gene is inserted into the Sindbis Basic Vector in order 
to demonstrate the expression of a heterologous gene in cells transfectcd with RNA that is 
transcribed in vitro from the Sindbis vector done, and to demonsuate the overall 

30 fiinctionality of the Sindbis basic vector. 

Construction of the Sindbis luciferase vector is performed by assembling together 
components of 3 independcm plasmids: pKSn5'SIN, pKSID'SIN. and pGU-basic vector. 
The pGL24)asic vector plasmid (Promega, Madison. WI) contains the entire firefly 
luciferase gene. Briefly, the luciferase gene is first inserted into the pKSn3'SIN plasmid. 

35 This is accomplished by digesting pGU with Bam HI and Mnd IH and gel purifying a 
2,689 bp containing fragment. This fragment is ligated with a gel purified 3,008 bp 
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fragmmt resulting from digestion of pKSID'SIN with Bam HI and Hind III and treatment 
withCIAP. The resultant constntcdon is deagnated pKSn3*SIN-luc. 

Final assembly of a Stndbis hidfaase vector is accomplished by digesting 
pKSnS'SIN with Xho I and Sac I, treating widi CIAP, and gel purifying the large 10.533 

5 bp fragment. The pKS S'SIN 10,533 bp fragment is ligated together with the 2.854 bp 
small fragment resulting from digestion of pKSn3*SIN-hic with Xho I and Sac I. This 
construction contains the entire Sindbis nonstructural gene coding region and 3* viral 
elements necessaiy for genome replication, as wdl as the firefly luciferase gene positioned 
between these two viral 5* and 3' elements. This vector is designated pKSSINBV-luc, and 

10 is shown schematically in Figure 1 IB. 

V. Construction Of Plasmid DNA Alphavirus Expression Vectors 

The SIN BV and SIN-BV-ludferase constructs described in Section D(iii), above, 

15 are inserted into the pVGELVIS vector configurations described in Section D(ii). such that 
expres^on of the heterologous gene from Sindbis vectors occurs after direct introduction 
of the plasmid DNA into cells. As described in Section DQi), the ability to transfect 
alphavirus-based vector plasmid DNA directly into ceUs and produce expression levels of 
heterologous genes typical of transfection of RNA-based alphavirus vectors without a 

20 primary step consisting of in vitro transcription of linearized template vector DNA 
enhances greatly the utility and efficiency of certain embodiments of the aiphaviius-based 
expression vector system. Figure 12 is a schematic representation of one mechanism of 
expression of heterologous genes from a plasmid DNA alphavirus expression (ELVIS) 
vectors. Primary transcription in the nucleus and transport of the vector RNA to the 

25 cytoplasm leads to the synthesis of alphavirus nonstructural proteins which catalyze the 
expansion of heterologous gene mRNA via an antigenome intermediate which in turn 
serves as the template for production of genomic and subgenomic mRNA. The ELVIS 
vectors may be introduced into the tai^get cells directly by physical means as a DNA 
molecule, as a complex with various liposome formulations, or as a DNA-ligand complex 

30 including the alphavirus DNA vector molecule, a polycation compound such as polylysine, 
a receptor specific ligand, and, optiorudly, a psoralen inactivated virus such as Sendai or 
Adenovirus. 

The first step of constructing a representative plasnud DNA Sindbis expression 
vector consists of digesting pKSSINBV with Sac I, blunting with T4 polymerase, digesting 
35 with Sfi I, isolating the 2,689 bp firagment, and ligating into the pVGELVIS 10,053 bp 
vector fragment prepared by digestion witii Xbal» blunting witii T4 polymerase, digesting 
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with Sfi I, treatment whh OAF, and 1% «garose/TBE gel electrophoresis. This 

oonstfuction is designated pVGELVIS-SINBV. 

In order to insert the hidferase gene into the pVGELVIS-SINB V vector, the SV40 

intron and transcription termination sequences at the 3' end of hidferase must be removed 
5 so that vihai the pre-RNA, transcribed from the plasnud DNA hid&rase vector after 

tiansfe^on into cells, is processed the 3' end of the reporter gene is not separated from the 

Sindlns vector 3' end, as the SindUs 5' and 3' ends contained within the pVGELVIS- 

SINBV vector are required in c» for die autocatalytic replication activity of the vector. 

The Stndbis vector 3' end is required for initiation of synthesis of the antigenomic strand. 
10 which is the template for the subgenonuc RNA encoding the heterologous or reporter 

protein. 

The SV40 RNA processing signals positioned at the 3' end of the ludferase gene 
are removed from the SIN-BV-luc construction described in Section D^v) above. The 
modified luciferase fragment is then placed in the pVGELVIS-SINBV construction 
15 described above via unique restriction sites. The alteration of the luciferase gene is 
accomplished with the primer pair shown bdow: 

Forward primer 7328F (SIN nt 7,328 to 7,349): 

20 (Sequence ID No.: 12) 

5'-GTGGCGGATCCCCTGAAAAGG-3' 

Reverse primer LucStop (buffer sequence/Not I, Xba I recognition sequences/pGL-2 nt 
25 1,725 to 1.703): 

(Sequence ID No.: 26) 

5'-TATATGCGGCCGCTCTAGATTACAATTTGGACTTTCCGCCC-3' 

30 

The primers shown above are used in a PCR reaction with a three temperature 
cycling program using a 3 minute extension period. The amplification products are purified 
with GeneClean IP", digested with Xho I and Xba I, purified again with GeneClean D™, 
and the 2,037 bp fragment is Ugated into the 13,799 bp fragmem of pVGELVlS-SINBV 
35 resulting from digestion with Xho I and Xba I, and treatment with CIAP. This constniction 
is designated pVGELVIS-SINBV-luc (abbreviated as ELVIS4uc). 
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The expression of hidfoase in BHK-21 cdls tnuisfected with pVGELVIS-SINBV- 
hic DNA is measured in order to demonstrate that the Sindbis physical gene transfer vector 
is functional. Briefly, 5 of pV(SLVIS-SINBV-hic DNA or S |ig of m viiro transcribed 
RNA from linearized SINBV4uc template as described in Section DOv), above, are 

S complexed with 10 |il of Upofectamine™ or Lipofecdn''^, respecthrely, and transfected 
into S X 10^ BHK-21 cells contained in 35 niM petri plates. The luciferase activity is 
determined from each of three samples at 2, 4, 8, 16» 20, 28, 48, 72, 96, and 120 hours post 
transfecdon. The results of this study, gjven in Kgure 13, demonstrate that the maximal 
level of reporter gene expression from the pVGELVIS-SINBV-luc vector is smilar to that 

10 observed in cells transfected with in viiro transcribed UNA from linearized SINBV-luc 
template. However, the luciferase activity expressed from the pVGELVIS-SINBV-Iuc 
vector is at maximal levels at later time points compared to that observed with the SINBV- 
luc RNA vector, and continues at high levels while the acdvity from the RNA vector begins 
to dimini^. 

15 The overall efficiency of the ELVIS vector, as determined by level of heterologous 

gene expresaon, is enhanced by several modifications to the pVGELVIS-SINBV-luc 
vector, as described in detail in (U.S.S.N. 08/348,472). These modifications include 
alternate RNA polymerase n promoters and transcription termination signals, additions of 
intron sequences in the vector construct, insertion of ribozyme processing sequences 

20 adjacent to the alphavirus 3'-end, and substitution with a smaller plasmid vector. 

A Hnker sequence also is inserted into the pKSSINBV and pVGELVIS-SINBV 
constructs to faciUtate the insertion of heterologous sequences. The linker is constructed 
using two complementary oligonucleotides that form a duplex with Xhol and Xbal 
compatible sticky ends when hybridized. 

25 

SINBVLinkF: 
(Sequence ID No.: 27) 
30 5'-TCGAGCACGTGTTTAAACGCGTGATCAGGCCT-3» 

SINBVLinkR: 
(Sequence ID No. : 28) 

33 

5'-CTAGAGGCCTGATCACGCGTTrAAACACGTGC-3' 
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The oligonudeotides are phosphoiylated with T4 potyiiudeotide kinase, heated to 90_C. 
and slow«ooled to allow faybridiration to occur. The hybrid is then ligated to the 10.6 kb 
fragment of pKSSINBV-Luc obtained after digestion with Xho I and Xba I, foUowed by 
treatment with alkaUne phosphatase and agarose gel purification. The resuhing construct 
5 contains Xho I, Pml I, Pme I, Mlu I, Bd I, Stu I, Xba I. and Not I as unique sites between 
the Sindbis junction r^on and the Sndbis 3' end. Tins construct is designated 
pKSSINBVLn. 

The polylinker also is cloned into the pVCTLVIS-SINB V constructs. The linker is 
inserted by digestion of pVGELVIS-SINBV-luc with Sfi I and Not I. The 10. Ikb fi-agment 

10 is agarose gel purified, and this fragment was ligated to the gel purified 2.6kb fragment 
from a Sfi I/Not I digest of pKSSINBVLII. The resulting construct contains Xho I. Pml I, 
Pme I. Mlu I, and Not I as unique sites between the Sindbis junaion region and the Sindbis 
3' end. This construct is designated pVGELVIS-SINBVLII. • 

Plasmid pKSSINBVLII is modified fiirther by the addition of an Asc I dght 

15 nudeotide recognition sequence adjacent to the Sac I transcription ruiMff site. The 
idative infirequency of tins recognition sequence allows tar linearization of a wide range of 
heterologous gene-contaiiung Sindbis vector constructs. Spedfically, an oligonudeotide, 
whidi has Sac I compatible termiiu when sdf-annealed, is used. 

20 Asdl/SacI linker 

(Sequence ID No.: 29) 

5'-CGGCGCGCCGAGCT-3' 

25 

The AscI/SacI linker is phosphorylated with T4 polynudeotide kinase, heated to 90_C, and 
slow-cooled to allow self-annealing to occur. The duplex is then ligated into 
pKSSINBVLn plasmid DNA which has been digested with Sac I and treated with calf 
intestinal alkaline phosphatase. The resulting construct is designated pKSSINBVLIIA. 

30 

D. Generation of Recombina nt Sindbis CEA Vectors 

i. ronrtnietion of* Hecombinant Sindbis Vector fSlN-CEA> Dwendem on the 
];yp"^^"" »f ^he CEA Tumor Marker 

35 

As described previously and shown diagrammatically in Figure 14, the disabled 
junction loop out model is constructed with the junction repon of the vector flanked by 
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inverted repeat sequmces vAidh are homologous to the RNA of choice. In this example, 
sequences from the CEA tumor antigen cDNA (Beaudiemin et at., Molec. and Cell. Biol. 
7:3221, 1987) are used in the inverted rqpeats. To construct a CEA RNA response 
Stndbis vector, the junction region is preceded by two CEA anti-sense sequence domains 

5 (A^ and B^) separated by a ax bp hinge domaiiL A sii^e twenty base pair CEA sense 
sequence (A2), which is complementary to Al» is placed at the 3' end of the junction 
region. In choomg the correct Al and Bl antismse sequences, the only two requirements 
are that they be spedfic for the targeted RNA sequence and that the anti-sense sequences 
hybridize to two RNA sequence domains separated by three nucleotides. This three 

10 nucleotide gap will serve as a hinge domain for the polymerase to hop and switch reading 
strands bridging the non-structural protein domain of the vector to the junction region of 
the vector (Figure IS). To construct sudi a configuration, two oligonucleotides are 
synthesized complementing each other to create a Augment insert containing convenient 
restriction enzyme sites at the extreme S' and 3* ends. The oligonucleotide fragment insert 

15 is then ligated into the Sindbis vector between the disabled junction region and the multiple 
cloning sites of the Sindbis vector. The sense oligonucleotide strand, from S' to 3*, should 
contain an Apa I restriction site, followed by the Al anti*sense domain, a sue bp hinge 
donuun, a Bl anti-sense domain, a synthetic junction r^on domain, and the A2 sense 
domain, followed by a Xho I restriction en^me site. The following oligonucleotide 

20 sequence is used to design a CEA RNA responsive Sindbis vector. The nucleotide number 
sequence is obtuned from Beauchemin ei a/., Molec. and Cell Biol. 7:3221, 1987. 



5-3' CEA sense strand: 
(Sequence ID No.: 30) 
25 CEA 618 CEA 589 

Apa I ♦ • 

5'-CGCGC GGGC CCTGT GACAT TGAAT AGAGT GAGGGTCCTG 
TTGGG-3' 



30 

(Sequence ID No.: 31) 

CEA 651 CEA 622 

* ♦ 

35 Synthetic 

5'-AAAGG TTTCA CATTT GTAGC TTGCT GTGTC ATTGC GATCT 
CTACG-3' 
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10 



IS 



(Sequence ID No.: 32) 

CEA599 CEA618 

JiinctionCore * * * 

5'-GTGGT CCTAA ATAGT TCACT CTATT CAATG TCACA CTCGA 

GCC GG-3' 

The 5-3' CEA anti-sense strand is complementaiy to the above oligonucleotide. After 
both oligonucleotides are synthesized, the oligonucleotides are mbced together in the 
presence of 10 niM Mg+*, heated to lOO.C fbr 5 minutes and cooled slowly to room 
temperature. The oligonucleotide pair is then digested with the Apa I and Xho 1 restriction 
enzymes, mbced and Ugated at a 25:1 motor ratio of uisert to plasmid (pCMV-SIN or 
pMET-SIN) piedigested with the same enzymes. These constructs are designated 
pCMV/SIN-CEA and pMET/SIN-CEA, lespectivdy. 

ii. ronstmerion of a SfN.^EA Vector and Producer Cell Line ExprcSSinR 
Y Interferon f SIN-CEA/PW 

The human gamma interferon (y-IFN) gene is subdoned from the retroviral vector 
20 plasmid pHu-IFN (Howard et aL, Am N.Y. Acad Sci. 716:167-187, 1994) by digesting 
with Xho I and Cto I. The resuhing 500 bp fragment containing the coding sequences of y- 
IFN is isolated from a 1% agarose gd. 

Alternatively, the human y-IFN cDNA is derived from RNA isolated from PHA- 
stimulated Jurkat T cells by guanidinium thiocyanate extraction followed by 
25 ultracentrifijgation through a CsCl gradiem. The RNA (Sigma, St. Louis, MO) is then 
reverse-transcribed in vitro and a gene-spedfic oUgonudeotide pair is used to amplify y- 
IFN cDNA by polymerase chain reaction uwng Taq polymerase. The PCR DNA was 
repaired with T4 DNA polymerase and Klenow and doned into the Hinc 11 site of pSK* 
plasmid treated with ClAP. In the sense orientation, the 5' end of the cDNA is adjacent to 
30 the Xho I site of the pSK+ polylinker and the 3' end adjacent to the Cla I site. The 512 
base pair fragmem encoduig the human rIFN molecule is placed into the Xho I/CIa I site of 
dther the pCMV/SIN-CEA or pMET/SIN-CEA vectors. These new plasmids are 
designated pCMV/SIN-CEA/IFN or pMET/SIN-CEAAFN. respectively. 
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ill Construction of a SIN-CEA Vector Expressing Thymidi ne Kinase fSIN- 

A PGR amplified product containing the cDNA done of the HSVTK, flanked with 
S 5' Xho I and 3' Cla I restriction en^me sites is obtained using the pHS 1TK3KB (McKnight 
et eU., Nuc Adds Res. 6:5949, 1980) done as taiget DNA. The sequences for the primers 
used for the PGR amplification are obtained fiom published sequences (Wagner et al., 
PNAS 78:1442, 1981). The 1,260 bp amplified product is then digested with Xho I and Cla 
I ligated into the Xho I / Cla I site of either the pCMV/SIN-CEA or pMET/SIN-CEA 
10 vectors. These new plasmids are designated pCMV/SIN-CEA/HSVTK or pMET/SIN- 
CEA/HSVTK, respectivdy. 

E. Construction of Recombinant Vectors Containing Hu man Tissue Factor Gene 

IS 

Spedfically, the cloning of a human tissue fiictor gene into recombinant retroviral 
vectors and Sindbis vectors is accomplished by PGR amplification using two 38 base 
oligonudeotides. The oligonudeotides contain 25 nudeotides corresponding to the tissue 
factor gene terophite, phis additional 5 -flanldqg sequences comprising a Pme I recognition 
20 site and buffer sequence, as follows. 

HTFP-F: 

(Sequence ID No.: 33) 

25 

5'.TATATGTTTAAACCCGCCAACTGGTAGACATGGAGACC-3' 

HTFP-R: 

30 (Sequence ID No.: 34) 

5'-ATATAGTTTAAAGTCCAAGAGTGGTTGGTTTATGAAAC-3' 

PGR amplification using these primers, tissue fiwtor d>NA done XHTF7 (Scarpati et al., 
35 Biochemistry 25:5234, 1987) as template, Thermalase thermostable DNA polymerase, l.S 
mM MgQ2 provided by the suppli^, 5% DMSO, and Hot Start Wax beads, is perfonned 
according to the following protocol: 
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TcmDcrature 


Time (Min.) 


No. Cycles 


94 


2.0 


1 


94 


0.5 




50 


0.5 


5 


72 


2.0 




94 


0.5 




55 


0.5 


25 


72 


2.0 




72 


10.0 


1 



Following amplification, the approximatdy 920 bp ti»ue &ctor gene amplicon is digested 
with /^e / and ligsted into Sindbis vector (pVGELVIS-SINBVLn or pKSSINBVLUA), 
or retroviral vector backbones (pKT-lL» pKT-3BU or pKT-3BCL) that have been digested 

5 with Pme I and treated with CIAP. Proper orientation of the insert sequence is determined 
by restriction endonuclease digests and the resulting constructs are designated pVGELVIS- 
HTF, pKSIN-HTF, pKT-lL-HTF, pKT-3BL-HEF, and pKT-SBCL-HTF, respectively. 
Production of packaged vector partides is accomplished using the methods described in 
Example 2 below. DNA encoding other gene products useful in the practice of this 

10 invention may be readily cloned into these or other vectors u»ng these approaches. 

F. ronstmction o f Recombinant Vectors Containing Tissue Inhibitor of 
MetalloDfoteinase-I 

15 Specifically, the cloning of a human TlMP-1 gene into recombinant retroviral 

vectors and Sindbis veaors is accomplished by PGR amplification using two 38-mer 
oligonucleotides. The oligonucleotides contain 25 nt corresponding to the TIMP-l gene 
template, plus additional 5'-flanking sequences comprising a Pme I recognition site and 
buffer sequence, as follows: 

20 

HTIMP-F: 

(Sequence ID No.: 35) 



5'-TATATGTTTAAACCACCAGAGAACCCACCATGCX:CCCC-3' 
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HTIMP-R: 

(Sequence ID No.: 36) 

5 5'-ATATAGTTTAAACCCACTCCGGGCAGGATTCAGGCTAT-3' 

PGR amplification using these primers, a TIMP-1 cDNA clone (Docherty et al.. Nature 
3J8:66f 198S) as template and Thennalase thermostable DNA polymerase, is performed in 
a reaction containing 1 .5 mM MgCb provided by the supplier, 5% DMSO, and Hot Start 
10 Wax beads accordirig to the following protocol: 



Temperature 


Time (Min.) 


No. Cycles 


94 


2.0 


1 


94 


0.5 




SO 


0.5 


5 


72 


2.0 




94 


0.5 




55 


0.5 


25 


72 


2.0 




72 


10.0 


1 



Following amplification, the approximately 700 bp TIMP-I gene amplicon is digested with 
Pme I and Ugated into Sindbis vector (pVGELVIS-SINBVLII or pKSSINBVLIIAX or 

15 retroviral vector backbones (pKT-lL, pKT-3BL, or pKTOBCL) that have been digested 
with Pme I and treated vnth CIAP. Proper orientation of the insert sequence is determined 
by restriction cndonuclease digests and the resulting constructs are designated pVGELVIS- 
HTIMP, pKSIN-HTIMP, pKT-lL-HTIMP. pKT-3BL-HTIMP, and pKT-3BCL-HTIMP, 
respectively. Production of packaged vector partides is accomplished using the methods 

20 described in Example 2 below. Other related gene products from this group are readily 
cloned using these approaches and oligonucleotide primers that contain Pme I or other 
appropriate restriction sites, and are spedfic for their respective gene. 
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G. nonstniction of Recombinan t Vectors Containing Recombinant Folate Receptor 
rontaining Extracellulaf Matrix Binding Fragment Derived from Inteerin 83 into 
KT-3 

S t. Construction o f Folate Receptor/Integfin B3 Fusion Gene Via Amino 

Terminus Glycine Tether Linkage 

The cloning of a sequence encoding the human folate receptor type a with the 
ligand binding domain of integrin p3 linked to it's amino terminus by a glycine tether is 
10 accomplished by overlapping PGR amplification. The two pairs of oligonucleotides used in 
the primary PGR reactions produce amplicons that contain 20 overiapping bases plus 
additional S* or 3 -flanking sequences compriang a Pme I recognition site and buffer 
sequence. In addition, each oligonudeotide primer contains 25 nucleotides that correspond 
to sequences on the input template DNA to allow prinung, as follows: 

IS 

Folate receptor gene primers: 
GHFBP-F: 

(Sequence ID No.: 37) 

20 

5*-GGTGGAGGTGGAAGCGCTCAGCGGATGACAACAGAGCTGC-3' 

HFBP-R: 

(Sequence ID No.: 38) 

25 

5'-ATATAGTTTAAAGAGGTAAAAGGAGGTGAGCTGAGCAG-3' 

PGR amplification using these primers, a human folate receptor cDNA clone. c32KB 
(Elwood, et al.. J. Biol. Chem. 2^:14893, 1989), as template, and VENT™ DNA 
30 polymerase (New England Biolabs, Beveriy, MA), is performed in a reaction containing 
buffer provided by the suppUer, 5% DMSO, and Hot Start Wax beads according to the 
following protocol: 
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Temperature ( Q 


Time (Minutes) 


Number of Cyda 
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94 


0.5 
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10.0 
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Inteyrin B3 primers: 

IP3109F: 
S (Sequence ID No. : 39) 

5'-TATATGTTTAAACCACCATGGTCAGTCCCCAGAGGATTGCACTCC-3' 

GIP3171R: 
10 (Sequence ID No.: 40) 

5'-TGAGCGCTTCCACCTCCACCGAGCTTTCGCATCTGGGTGGCCTGC-3' 

PGR amplification using these primers, a human im^rin p3 (glycoprotein ma) cDNA clone 
IS (Fitzgerald, el al., J. Biol. Chem. 262:3936, 1987) as template, and VENT™ polymerase, 

is performed as described above. 

The folate receptor and integrin p3 PCR reactions from above are purified using 

GeneClean IT** and Mermaid Kit™ (BIO 101, San Diego. CA), respectively, and 

approximately 5% of the product from each reaction is combined and used as template in a 
20 second round of PCR, containing primers lp3109F and HFBP>R and Thermalase DNA 

polymerase, as described previously and using the following amplification protocol: 
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Temperature ( C) 


Time (Minutes) 


Number of Cycles 
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Following amplification, the approximately 1000 bp integrin p3/folate receptor gene 
fiision amplicon is gel purified, digested ynih Pme I and ligated into Sindbis vector 
(pVGELVIS-SINBVLn or pKSSINBVUIAX or retroviral vector backbones (pKT-lL, 
5 pKT-SBL, or pKT-3BCL) that have been digested with Pme I and treated with CIAP. 
Proper orientation of the insert sequence is determined by restriction endonuclease digests 
and the resulting constructs are designated pVGELVIS-IF, pKSIN-IF, pKT-lL-IF, pKT- 
3BL-IF, and pKT-3BCL-IF, respectivdy. 

10 ii. Construction of Folate Receotor/Integrin 63 Fusi on Gene bv Insertion of the 

Ligand Binding Domain of Integrin 63 between Am^^i and C-Terminal 
Hydrpphpbic RcglPn 

Specifically, the cloning of sequences encoding the human folate receptor type a 
15 with the ligand binding domain of integrin p3 inserted between Arg residue 227 and the C* 
terminal hydrophobic region is accomplished by overiapping PCR amplification. The two 
pairs of oligonucleotides used in the prinuuy PCR reactions produce amplicons that contain 
21 bases whidi overiap with each other, plus additional S' or 3-flanking sequences 
comprising a Pme I recognition site and buflfer sequence. In addition, each oligonucleotide 
20 primer conuuns a minimum of 25 nucleotides that correspond to sequences on the input 
template DNA to allow priming, as foUows: 

Folate receptor gene primers: 
HFBP-F: 
2S (Sequence ID No. : 4 1 ) 



5'.TATATGnTAAACAGACATGGCTCAGCGGATGACAACA.3* 
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HFBP-R/P3: 
(Sequence ID No.: 42) 

5'-TGCAATCCTCTGGGGACTGACCCTCGCCACCTCCTCATTGGGGTTG-3' 

s 

PGR amplification uang these primers, a human folate receptor cDNA clone, c32KB 
(Elwood, et at., J. Biol Chem. 55^:14893, 1989) as template, and VENT™ DNA 
polymerase is performed in a reaction containing buffer provided by the supplier, S% 
DMSO, and Hot Start Wax beads according to the following protocol: 



10 



Temperature ( O 


Time (Minutes) 


Number of Cycles 


94 
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0.5 
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Integiin p3 and p3/C-t«minus fusion primers: 

IP3LBD-F: 
13 (Sequence ID No. 43) 

5'-GTCAGTCCCCAGAGGATTGCACTCC-3' 

IP3LBD-R/FC-TERM; 
20 (Sequence ID No. 44) 

5'- ATATAGTTTAAACTCAGCTGAGCAGCCACAG 

CAGCATTAGGGCCAGGCTAAGCAGGAAAGGCCAGGCTGCCC 
AGGGCCCAGCCCCACTCATGGCTGCAGCATAGAAGAGCTTT 
25 CGCATCTGGGTGGCCAQC-3' 

PCR amplification using these primers (Ip3LBD-R/FC-TERM must be FPLC purified by 
the manufectuier), a human intcgrin p3 (glycoprotein IDa) cDNA clone (Fitzgerald, et al.. 
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J. Biol Chem. 262:3936, 1987) as template, and VENT polymerase, is perfonned as 
described above. 

The folate receptor and integrin p3 PGR reactions from above are purified using 
GENECLEAN and q)proximately 5% of the product from each reaction is combined and 
S used as template in a second round of PGR, containing primers HFBP-F and ip3LBD- 
R/FC-TERM and Thermalase DNA polymerase, as desoibed previously and using the 
following amplification protocol: 



Temperature ( Q 


Time (Minates) 


Number of Cycles 


94 


2.0 
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94 


0.5 




SO 


0.5 


5 


72 


2.0 




94 
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25 
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2.0 




72 


10.0 


1 



10 Following amplification, the approximately 1000 bp integrin p3/folate receptor gene 

fiision amplicon is gel purified, digested with Pme I and ligated into Sindbis vector 
(pVGELVIS-SINBVLn or pKSSINBVUIA), or letrowal vector backbones (pKT-lL, 
pKT-3BL, or pKT-SBCL) that have been ctigested with Pme I and treated with calf 
intestinal alkaline phosphatase. Proper orientation of the insert sequence is detennined by 

15 restriction endonudease digests and the resultiqg constructs are designated pVGELVIS-FI, 
pKSIN-H, pKT-lL-FI, pKT-3BL-FI, and pKT-3BCL-n, respectively. Production of 
packaged vector partides is accomplished using the methods described in Example 2. 

20 H. Construction o f TF-IRES-PAI Retroviral Vector 

i. Retroviml Vec tor with Internal Ribosome Entrv Site 

The plasmid pBS-ECAT (Jang, ei al., J. Virol. 65:1651, 1989) includes the 5' 
25 nontranslatcd region of encephalomyocarditis virus (EMCV) from nt 260-848 of the viral 
genome, which contains the internal ribosome entry site (IRES). EMCV nt 260-827 are 
amplified fi-om pBS-ECAT by PCR using the following primer pair: 
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EMCV IRES forward primer (for insertion into the Mlul site in pKT-3BCL): 
(Sequence ID No.: 45) 

5'-TATAT - ACG CGT - CCC CCC CX:C CCX: CAA CG- 3' 

EMCV IRES reverse primen 
(Sequoice ID No.: 46) 

5'-TATAT - ACG CGT - CTT ACA ATC GTG GTT TTC AAA GG-3' 

The amplicon resulting from amplification with these primers is flanked by Mlul recognition 
sites, inside a 5 bp "buffer sequence'. Amplification of the EMCV IRES sequence fi-om the 
pBS-ECAT pksmid is accomplished with the following PCR protocol: 



Tcmpcnitnre 


Time (Biin.) 


No. Cycles 
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15 



For insertion into the pKT*3BCL vector backbone, the IKES amplicon is digested with 
Mlul. purified on a 1% agarose gel, and ligated into a CIAP treated vector previously 
digested with Mlul. This construct is deagnated pKT-3BCL(IR). Correct orienution of 
the insert is determined by sequencing the resulting plasnud. In addition, this amplicon may 
20 be inserted into other retroviral vector bacldx)nes and the Stndbis vector backbones 
pKSSINBVL n and pVGELVIS-SINBVL U. 

ii. Retroviral Vector with Tiss ue Factor and Plasminogen Activator Inhibitor*! 
flenes in the pKT^SBCLOR^ Backbone 

23 

The cDNA for the human Tissue Factor protein is synthesized by PCR amplification 
of the cDNA firom plasmid XHTF7 (Scarpati, ei al.. supra). The TF cDNA is amplified 
using the gene specific primer pair as previously described in Example IE (HTFP-F and 
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HTFP-R). The aiiq)licon lesuhiqg from amplificadon with these primers is flanked by Pme 
I recognition sites, inside a 5 bp "buffer sequence'. 

In addition to the d)NA sequences for TF protein, the primer pair contains 5 
nucleotide "buffer sequences" for efiBcient en^e digestion followed by the Pmel 

5 recognition sequence. For insertion mto pKT-3BCL(IR), the ampUcon is digested with 
Pmel, purified on a 1% agarose gel, and ligated imo a CIAP treated vector previously 
digested with Pmel. This construct is designated pKT-3BCL(TF-IR). Alternatively, other 
restriction sites within the polyliidcer may be incorporated into the PGR primers for 
insertion into pKT-3BCL, pKSSINBVL H and pVGELVIS-SINBVL n, vectors containing 

10 IRES. Correct orientation of the insert is determined by sequencing the resulting plasmid. 

The cDNA for the human plasminogen acthnttor uihibitor -1 (PAI-1) protein is 
synthesized by PCR amplification of Ae cDNA fiwn phumid PAIB4 (Ginsburg, et al. J. 
Clin. Invest. 7^:1673, 1986). The PAI-1 cDNA is amplified using the foUowing gene 
specific primer pair. The amplicon resulting fix»m amplification with these primers is 

15 flanked \xf NotI recogmtion sites, inude a S bp "buflfer sequence'. 

PAI-1 cDNA forward primer: 
(Sequence ID No.: 47) 

20 5'-TATAT-GCGGCCGC-ATGCAGATGTCTCCAGC-3' . 

PAI-1 cDNA reverse primer: 
(Sequence ID No.: 48) 

25 5'-TATAT-GCGGCCGC-CCCAAGGTAGTGAACCGG-3' 

Amplification of the TF and PAI-1 sequences are accompUshed with the following PCR 
protocol: 
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Tempcniture 
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In addition to the cDNA sequences for PAI-1 protein, the primer pair contains S 
nucleotide "buflfer sequences' for eflScient enzyme digestion followed by the NotI 
recognition sequence. For insertion into pKT-3BCL(TF-IR), the amplicon is digested with 
5 NotI, purified on a 1% agarose gel, and ligated into a CIAP treated vector previously 
digested with NotI. This constnict is designated pKT-3BCL(TF-IR-PAI). Alternatively, 
other restriction sites within the polylinker may be incorporated into the PCR primers for 
insertion into pKTOBCL, pKSSINBVL H and pVGELVIS-SINBVL n. Correct 
orientation of the insert is determined by sequencing the resulting plasmid(s). 

10 

Example 2 

Transient Transfecti on and Transduction of Packaging Cell Lines HX and DA with the 
15 Vector Constructs 

A. Plasmid DNA Transfection 

The following procedure can be used to transiently transfect appropriate packaging 
20 cell lines with plasmids encoding vectors according to the invention. For example, the 
packaging cell line HX (WO 92/05266) is seeded at S.O x 10^ cells on a 10 cm tissue 
culture dish on day 1 with DMEM and 10% FBS. On day 2, the media is replaced with 5.0 
ml fi-esh media 4 hours prior to transfection. A standard calcium phosphate-DNA co- 
precipitation is performed by mixing 40.0 pi 2.5 M CaCl2, 10 pg plasmid DNA, (e.g., 
25 pkSIN-HTF, pkT-IL-HTIMP, pkT-38L (TF-IR-PAI)) and deionized H2O in a total volume 
of 400 pi. The DNA-CaCb solution is added dropwise with constant agitation to 400 pi 
precipitation buflfer (50 mM HEPES-NaOH. pH 7.1; 0.25 M NaCl and 1.5 mM Na2HP04- 
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NaH2P04). This mixture is incubated at room temperature for 10 minutes. The resultant 
fine precqiitate is added to the HX of cdls. The cells are incubated with the DNA 
predpitate ovenught at 37_C. On day 3, the media is aqnrated and fresh media is added. 
The suponatant is removed on day 4, passed through a 0.45 |il filter, and stored at -80_C. 

5 

B. Packaging Cell Une Transduction and Generation of Producer Lines 

To increase retroviral titers produced fix>m packaging cdls» it is preferable to 
transduce another packaging cdl line with retroviral vectors transiently produced from 

10 another cell line. For example, DA (an amphotropic cell line derived from D 17 cells 
ATCC No. 183, WO 92/05266) cells are seeded at 5.0 x 10^ cells/10 cm tissue culture dish 
in 10 ml DMEM and 10% FBS, 4 jig/ml polybrene (Sigma, St. Louis. MO) on day 1. On 
day 2, 3.0 ml, 1.0 ml and 0.2 ml of the freshly collected virus-containing HX media 
(produced as described in Example 2(A) above) is added to the cells. The cdls are 

15 incubated with the vims overnight at 37 JC- ^ those instances when the retroN^ral also 
racodes a selectable marker, e.g., neomydn reastance, on day 3, the media is removed and 
1.0 ml DMEM, 10% FBS with 800 |ig/ml G418 is added to the plate. Only cells that have 
been transduced with the vector and expreswig the selectable marker will survive. In the 
case of neomycin resistance, G418 reastant pools can be generated over a period of a 

20 week. Typically, a pool of cells is then dQution cloned by removing the cells from the plate 
and counting the cell suspension, diluting the ceBs suspension down to 10 cells/ml and 
adding 0.1 ml to each well (1 cell/well) of a 96 well plate (Coming, Coming, NY). Cells are 
incubated for 14 days at 37_C, 10% CO2. As many as twenty-four clones are selected and 
expanded up to 24 well plates, 6 well plates then 10 cm plates at which time the clones are 

25 assayed for expression and the supernatant are collected and assayed for viral titer. 

The titer of the individual clones is determined by infection of HT1080 cells, 
(ATCC No. CCL 121). On day 1, 5.0 x 10^ HT1080 cells are plated on each well of a 6 
well microtiter plate in 3.0 ml DMEM, 10% FBS and 4 |ig/ml polybrene. On day 2, the 
supematant from each clone is serially diluted 10 fold and used to infect the HT1080 cells 

30 in 1 .0 ml aliquots. The media is replaced with fresh DMEM, 10% FBS media, and the cells 
incubated with the vector overnight at 37_C, 10% CO2. On day 3, selection of transduced 
cells is performed (assuming the presence of a selectable marker in the recombinant vector) 
by replacing the media with fresh DMEM» 10% FBS media containing the appropriate 
selection agent, for instance, 800 pg/ml G418 in the case of neomycin resistance. Cells are 

35 incubated at 37_C, 10% CO2 for 14 days at which time G418 resistant colonies are scored 
at each dilution to determine the viral ther of each clone as cfu/ml. 
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Uang these prooedurcs^ odl lines are derived that produce greater than or equal to 
1.0 X 10^ cfiiM in culture. In addtdon, as those in teh art will appredate» in those 
instances y^Ancn selectable markers other than drag reastance; or wh« no selectable 
nuiricer is encoded by the reoond)inant vector, other ther methods, sudi as antibody-based 
s assays^ PGR assays, etc., may be employed. 

The packaging cell line HX is transduced with vector generated fix)m the DA vector 
producing cell line in the same manner as described for transduction of the DA cells from 
HX supernatant. 

Transduction of the DA or HX cells with vectors lacking a neo selectable marker 
10 was performed as described above. However, instead of adding G4 1 8 to the cells on day 3, 
the cells are cloned by limiting dilution. Ther is analyzed as described above. 

C. Alternative M ethod of Generation of Producer CeU Line 

13 In some situations it may be desirable to avoid using more than one cell line in the 

process of generating producer lines. In this case, DA ceUs are seeded at 5.0 x 10^ cells on 
a 10 cm tissue culture dish on day 1 with DMEM and 10% irradiated (2.5 megarads 
mirumum) FBS. On day 2, the media is replaced with 5.0 ml fresh media 4 hours prior to 
transfection. A standard calchmi phosphate-DNA copredpitation is performed by mixing 

20 60 ^1 2.0 M CaCb, 10 pg pMLP-G (Hartman, et oL, Nua Acid Res. 76:9345, 1988; Emi, 
ei al.. J. Vir 65:1202, 1991) plasmid, 10 |ig reconibinant viral vector plasnud, and 
deionized water to a volume of 400 pi. The DNA-CaCh solution is then added dropwise 
with constant agitation to 400 pi 2x precipitation buffer (50 mM HEPES-NaOH, pH 7.1, 
0.25 M NaCl and 1.5 mM Na2HP04-NaH2P04). This mixture is incubated at room 

2S temperature for 10 minutes. The resultant fine precipitate is added to a culture dish of DA 
cells plated the previous day. The cells are incubated with the DNA precipitate overnight 
at 37_C. On day 3, the medium is removed and fresh medium is added. The supernatant 
containing G-pseudotyped virus is removed on day 4, passed through a 0.45 pi fiker and 
used to infect the DA packa^g cell. 

30 DA cells are seeded at 5.0 x 10^ cells on a 10 cm tissue culture dish in 10 ml 

DMEM and 10% FBS. 4 mg/ml polybrene on day 1. On day 2, 2.0 ml. 1.0 ml or 0.5 ml of 
the freshly collected and filtered G-pseudotyped virus containing supernatant is added to 
the cells. The cells are incubated with the virus ovenught at 37_C. On day 3 the medium is 
removed and 10 ml DMEM, 10% irradiated FBS with 800 pg/ml G418 (in the case of 

35 recombinant vectors carrying the gene) is added to the plate. Only cells that have 
been transduced with the vector and contain the mo selectable maricer will survive. A 
G418 resistant pool is generated over the period of 1*2 weeks. The pool is tested for 
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expnsaon and then dilution cloned by removing the ceOs from the plate, counting the cell 
suspension, diluting the cell suspennon down to 10 cdls/ml and adding 0.1 ml to each well 
(1 cell/weU) of a 96-well plate. CeUs are incubated for 2 weeks at 37_C, 10% CO2. 
Twenty-four clones are sdected and expanded up to 24-well plates, then 6-well plates, and 
5 finally 10 an plates, at \^ch time the clones are assi^ed for expresaon and the 
supernatant are collected and assi^ far viral titer as described above. 

D. Constniction of Alnhavinis Padragmg Cell Lines 

10 1. Selecrion of Parent Cell Uae s for Alohavirus Packaging Cell Line 

Pgyglopmcnt 

a. Persirtentlv or rhmnieallv Infeetable Cells 

15 An important criteria in selecting potential parent cell lines for the creation of 

alphavirus packapng ceU lines is the dioicc of cell lines that exhibit little or no 
^opathological effects prior to the appropriate production of alphavirus vector particles. 
This criteria is essential for the development of an alphavirus vector producer cell line 
which can be propagated for long periods of time and used as a stable source of veaor. It 

20 is known that alphavirus infiwtion of most mammalian cells results in cytopatholo^ and 
lysis of the cell. However, the derivation of parJraging cdls from various insect cell lines 
may drcumvent this problem. For exanq>le, insect edl lines, may be derived from Aedes 
albopictus, Aedes aegypti, Spodoptera Jhipperda, and DrosopMla mehnogaster cells, 
may be utilized to construct alphavirus padcaging cell lines. For example, within one 

25 embodiment, alphavirus packa^ng cell lines are provided using an insect parent cell line, • 
such as from Aedes edbopictus cell, contaiiung a stably transfected expression vector 
cassette wMch allows for expresuon of alphavirus structural proteins under the control of 
inducible or non-indudble promoters active in these cell types, and co-expressing a 
selectable marker. 

30 

b. Modification of Cells to Dec rease Susceptibility to Alphavirvs 
Expression: Suppression of Apoptosis and Cvtopathology 

Packapng cell lines may also be modified by overexpressing the bcl-2 gene product 
35 in potential parent cell lines, such as canine D-17 and CF2 cells; human HT1080 (ATCC 
#CCL121) and 293 ceOs; quail QT-6 cells; BHK-21 cells; mouse neuroblastoma N18 cells; 
and tat prostatic adenocarcinoma AT-3 cells. The conversion of these cells to a 
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perastently infectable state aUows for thdr use as alphavinis packaging and producer cell 
lines, similar to those of recombinant retroviral vector producer lines. 

In order to construct such parJraging cells, a expression vector is constructed 
by uang standard reconibuiant DNA techniques in order to insert the 91 0 bp Eco RI cDNA 

5 fragment derived from the plasmid pB4 (Reed, el al.. Nature 336:259, 1988) into any 
commercially available expression vector containiiig a constitutive promoter and encoding a 
selectable marker, for example, pCDNA3 (Invitrogen, San Diego, CA). Careful 
consideration must be taken to avoid any type of homology between alphavirus nucleic acid 
sequaices and other transduced vectors. This precaution should be taken in order to 

10 prevent recombination evmts which may lead to undesirable packaging of selectable 
markers or the bcl-2 oncogene in recombinant Sindbis particles. This is an important point, 
since the alphavirus vector system described herein is designed for use as a biological 
therapeutic. Once the bcl'2 expression vector is constructed, the parent cell line (i.e., 
BHK-21 cells) is transfected using any standard technique and selected after 24 hours using 

15 the appropriate marker. Reastant colorues are pooled, followed by dilution cloning, and 
then individual clones are propagated and screened for bcl'2 expression. Once expression 
is verified, persistent Sindbis infection is tested, followed by its use as a parent cell line for 
alphavirus packaging cell line development. 

Other gene products in addition to the Ac/-2 oncogene which suppress apoptosis 

20 may likewise be «pressed in an alphaviriis packa^ng or producer cell line. Three viral 
genes which are particularly preferred indude: the adenovirus ElB gene encoding the 19- 
kD protein (Rao ei al.. PNAS «9:7742-7746, 1992), the herpes simplex virus type 1 i34.5 
gene (Chou and Roizman, PNAS «P:3266-3270, 1992). and the AcMNPV baculovirus p35 
gene (Clem etal.. Science 25^:1388-1390, 1991). These individual genes may be inserted. 

25 into any commercially available plasmid expression vectors under the control of appropriate 
constitutive eukaryotic transcriptional promoters, and also containing a selectable m^ker 
using standard techniques. The expression vector constructs are subsequently transfected 
into cell lines as described above, and the appropriate selection is applied. Selection for 
stable integration of these genes and constitutive expression thdr products should allow for 

30 more extended vector production in cell lines found to be susceptible to alphavirus-induced 
apoptotic events. In addition, it is feasible that each gene product inWbits apoptosis by its 
own unique mechanism. Therefore, the genes may also be introduced into packaging or 
producer cell lines in various combinations in order to obtain a stronger suppressive effect. 
Finally, other gene products having amilar efifects on apoptosis can also be readily 

35 incorporated into packaging cell lines as they are identified. 

In the derivation of alphavirus vector packaging and producer cell lines, many 
approaches can be employed to control the e}q>res^on of viral genes such that producer cell 
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lines stably transformed whh both vector and vector packaging cassettes can be derived. 
These ^roaches include inducible and/or ceUular diffiraitiation senative promoters, 
antisoise structural genes» heterologous control ^sterns, and use of mosqiuto or other cells 
in vAadti viral perastent infections can be established. R^ardless of the final configuration 

s for the alphavirus vector producer ceO line, die alMlity to establish perastent infection, or at 
least deli^ cell death as a result of viral gene esqiression, may be enhanced by inhibiting 
apoptosis. For example, the DNA tumor viruses, including adenovirus, HPV, SV40, and 
mouse polyomaviius (Py), transform cdls in part by binding to and inactivating the 
retinoblastoma (Rb) gene product pl05 and its dosdy related gene product, pl07, and 

10 other gene products involved in the control of the cdl cycle including qrclin A. pSS*^ and 
p34cdc2 All of these viruses, except for Py, encode gene products v/bich bind to and 
inactivate p53. Uniquely, Py encodes the middle T amigen (mT) which binds to and 
activates the membrane tyroane kinase, src, and also phosphatidjiinositol-3-kinase, vAuch 
is required for the fiill transformation potential of this virus (Tahnage ettU., Cell 59:55-65. 

15 1989). The binding to and inactivation of the Rb and pS3 recesave oncogene products 
prevents cdls transformed these DNA tumor viruses fiom entoing the apoptotic 
pathway. It is known that pS3 is able to hah the division of cdls. in part by inhibiting the 
expression of protons associated with cdlular proliferation, induding c-fos, hsc-lO, and 
bcl-2 (MiyashiUe/o/:. Cbwcer/tejeorcA 5^:3131-3135,1994). 

20 In order to extend the duration of alphawus vector production, or to promote a 

perastently infectable state, packa^ng and producer cdls are preferably transformed with 
viral genomic DNA from Py or SV40. In particular, SV40 and Py transformed cell lines 
are established and the kinetics and levd of Sindbis production and cytopathology after 
viral infection detemuned. If apoptic events characteristic of Sindbis proliferation in 

25 hamster cells are dinunished. each prototype alphavirus packaging and producer cell line 
subsequently is transformed with Py or SV40 in order to increase the yidd of packaged 
vector firom these cells. 

C. Modification of Cells to D«^ eft-se Susceptibility to Alohavirus 
30 Expression: P roduction of Activation-Denendent Vector Partides 

The Sindbis E2 glycoprotein is synthesized as a precursor, PE2. This PE2 
precursor, along with the second vird glycoprotein. El, assodate in the endoplasmic 
reticulum and arc processed and transported to the infected cell membrane as a heterodimer 
35 for virion incorporation. At some point during this processing, PE2 is deaved into E3 and 
the mature virion glycoprotein E2. E3 corresponds to the 64 amino-termind residues of 
PE2 and is loa during maturation. The torger deavage product, £2, is assodated with El 
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and andiored in what becomes the viral envdope. Host cdl protease(s) is responable for 
processing of the PE2 precursor, deaviqg at a nte diat inunediatdy foOows a hi^y 
conserved canonical four amino acid (aa) residue ma6£, baac-X4>aac-banc aa. A mutant 
cell line derived firom the CHO-Kl strain, designated RPE.40 (Watson et al., J. Virol 

s 65:2332-2339. 1991), is defective in the production of Sindbis vims strain AR339 through 
its inalnlity to process the PE2 precursor into the E3 and mature E2 forms. Theenvdopes 
of Sindbis >wtons produced in the RPE.40 cdl line therefore contain a PE2/E1 heterodimer. 
RPE.40 cdls are at least 100-fold more re^stant to Sindbis virus infection than the parental 
CHO-Kl. The defective virions produced by the RPE.40 cdl line can be converted into a 

10 foUy infectious form by treatment with trypan. 

In packaging and producer cell lines, any wild-type alphavirus that is produced by 
recombination between vector and structural protdn gene RNAs will re-infect cells and be 
rapidly amplified, significantly contaminating and decreaang the titer of packaged vector 
preparations. Packa^ng and producer cdls devdoped from the RPE.40 line are an 

15 alternative to other cell lines permisave for dphavirus infection due to the inefiident 
amplification of any wild-type virus generated during vector production and packaging. 
Thus, vector preparations are not agnificantly contanunated wnth wdld-type ^irus. 
Furthermore, the benefits of tMs system are extended to otiier packaging and producer cell 
Unes by developing "knock-out" mutants in their analogras cellular protease(s), uang 

20 tedmiques known in the art. 

d. Ho pping? Cell Line Development 

Alphavirus hopping cell lines are used tranaentiy to produce infectious RNA vector 
25 particles which have been pseudotyped for a differem cellular receptor tropism. Once the 
hopping cell line produces vector particles, it is no longer required because only the 
infectious culture supematants are needed to transduce the original alphavirus packaging 
cell lines discussed above. Therefore, the hopping cell line need not exhibit persistent 
infection by dphavirus in order to transientiy produce vector particles. In this instance, the 
30 parent cell line can be dther an insect cdl line that exhibits persistent infeaion. or a 
mammalian cell line which is likdy to lyse witiiin 24-72 hours after a productive dphavirus 
infection. The only criteria is tiiat tiie cell lines arc able to express dtiier VSV-G protein, 
with or lAathout the appropriate dphavirus stnicturd protdns, or retrovird gag-pol and env 
protdn without affecting cdl growth prior to introduction of the dphavirus RNA vector. 
35 Therefore, the dphavirus hopping cdl line can be any of the aforementioned parent cell 
lines able to suppoit dther dphavinis or retrovird repfication, without the additiond cell 
modifications discussed prcvioudy, such as hcl-1 oncogene expression. The generation of 
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VSV-G pseudotyped alphavinis vector partides can be accomplished by at least three 
ahemative approaches, each of which is described in detafl in U.S.S.N. 08/348,472. 

For the pseudotyping of alphavims vectors in retroviral packaging cell lines, any cell 
line which expresses retroviral gagifol and env sequences may be used to package 

5 alphaviral vectors that have been engineered to contain a retroviral packaging sequence. 
The retrovirus Hf packaging sequence is inserted between the inactivated junction region 
and a synthetic junction r^on tandem rq)eat, such that only genomic-length vector* and 
not subgenomic RNA, is packaged by the viral envelope proteins. Viral-based particles 
containing alphavirus vector RNA may be produced by transfecting in vitro transcribed 

10 alphavirus vector RNA using procedures described previously. Supematants with 
pseudotyped retroviral particles containing alphavirus RNA vectors are harvested 24 hours 
post-transfection, and these supematants can then be used to transduce an alphavirus 
packaging cdl line. 

15 e. Identification of Parent C ell Lines which Produce Alphavirus 

Resistant to Inactivation bv Human Complement 

Successful intravenous administration of recombinant alphavirus particles requires 
that the vector be re^stant to inacdvation in serum. It is well known to those skilled in the 

20 art that Sindbis grown on BHK-21 cells is sensitive to complement-mediated serum 
inactivation, in terms of efifective virus titer. To identify parent cell lines which produce 
Sindbis particles redstant to inactivation by human complement, the level of serum 
inactivation of Sindbis virus grown on multiple cell types is tested. The cell types tested are 
derived from many species, including human, for example, 293 or HT 1080 cells. 

25 As a source of human complement, approximately 70 mis of blood are collected 

from patients into serum separating tubes (Becton Dickinson, Los Angeles, CA). The 
blood is allowed to clot for one half hour at room temperature. After clotting the serum is 
centrifuged at 2000 xg for 10 minutes at 4_C. The serum is collected and placed into a IS 
ml conical tube (Coming, Coming, NY) and placed on ice. Approximately, 1. 1 ml aliquots 

30 of the semm are placed in 2 ml cryovials, frozen in a dry ice/ethanol bath and stored at - 
70_C for subsequent semm inactivation assays. Complement inactivated controls are 
prepared by heat inactivation of control aliquots for 30 minutes at S6_C. 

To test Sindbis for serum inactivation, two vials contaiiung 1.1 ml of 100% non- 
heat inactivated human semm are used for various vims preparations. One vial of semm is 

35 quick thawed at 37_C. The semm is then heated to 56_C for 30 minutes to heat inactivate 
complement present in the smm. Followirig inactivation the semm is placed on ice. The 
second vial is quick thawed at 37_C. After thawing the semm is placed on ice. 
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Approximately LO nd of the non-heat inactivated serum, culture medium only, and 
heat-inactivated serum are placed in separate l.S ml tubes (Fisher Sdmtific, Pittsburgh, 
PA) and nuxed with 1x10^ pfii of Sindbis virtis and incubated at 37_C for 1 hour. After 
incubation the tubes are phiced on ice. 

3 To identify the parent cdl line host from which an alphavirus is reastant to human 

serum irttctivation, the non-heat inactivated serum, medium, and heat-inactivated serum 
virus preparations are titered by plaque assay on BHK-21 cells. Equivalent virus titers 
r^ardless of incubation with non-heat inactivated serimi, medium, or heat-inactivated 
serum are indicative of parent cell line hosts i^^ch produce Sindbis virus is resistant to 

10 hunum complement inactivation. 

2. Stnictural Protein Expression Constructs 

a. Indwgftlg ftn<l Cppgtitwtivg Smtgtyn^ Prpt^n Vggtpr Expresstpn 
Cassettes 

IS 

The development of alphavirus packaging cdl lines is dependent on the ability to 
synthesize high intracellular levels of the necessary structural proteins: c^sid, pE2 and/or 
E2, and El. Unfortunately, high level expression of these proteins, in particular, the 
envelope glycoproteins £2 and El, may lead to concomitant cytopathology and eventual 

20 cell death. Therefore, structural protein expression cassettes have been designed with 
inducible regulatory elements which control the levels of gene expression, in addition to 
others which maintain constitutive levels of expression. 

In a first configuration, expression of the alphavirus structural proteins is under 
control of the RSV LTR, in conjunction with the inducible lac operon sequences. This is 

25 achieved by insertion of alphavirus cDNA corresponding to the viral structural protein 
genes into the pOP13 and pOPRSVl vectors (Stratagene, San Diego, CA). These vectors, 
used separately, are co-transfected with the p3'SS vector (Stratagene, San Diego, CA), 
which expresses the ku: repressor protein. In the absence of inducer, for example, 
Isopropyl-B-D-thiogalactopyranoside (IPTG), the basal, or constitutive, level of expression 

30 of a ludferase reporter gene under lac operon control has been reported to be 1 0-20 copies 
per cell. Addition of IPTG results in a conformational change in the repressor protein 
which results in decreased affinity of the lac repressor protein for /ac-operator sequences, 
permitting high level expression of the heterologous gene. Induction levels in the presence 
of IPTG of 9S-fold have been reported for hetmlogous genes contained in the pOP13 

35 vector. 
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Specifically, the Sauttns stnictural protdn gene (SP) cDNA is inserted into the 
pOP13 and pOPRSVl vectors as follows. The SP codiitg r^on is amplified in toto \Mth a 
primer pair viiose 5' ends map, reflectively, to the autiientic AUG translational start and 
UGA translational stop ates, including the surrounding nucleotides corresponding to the 
i Kozak consensus sequence for ^dent translational initiation at Sindbis nt 7,638. The 
forward primer is complementary to Sindbis nts 7,638 to 7,661, and the reverse primer is 
complementary to Sindbis nt 11.384 to 11.364. PGR amplification of Sindbis cDNA 
corresponding to the structural protein genes is accomplished by a standard three- 
temperature cycling protocol using the following oligonucleotide pair: 

10 

Forward primer (7638F): 
(Sequence ID No.: 49) 

5'-TATATGCGGCCGCACCACCACCATGAATAGAGGATTCTTTAACATGC.3' 

IS 

Reverse primer (1 1384R): 
(Sequence ID No.: SO) 

5'-TATATGCGGCCGCTCATCTTCGTGT(jCTA(jTCAG-3' 

20 

In addition to their respective complementarities to the indicated Sindbis nucleotide 
sequence, a S nucleotide "buffer sequence" followed by the Not I recognition sequence is 
included in the 5' end of each primer. Following PGR amplification, the 3,763 bp firagment 
is purified in a 1% agarose gel, then subsequently digested with Not I. The resulting 3,749 

25 bp fingment is then ligated separately into the pOP13 and pOPRSVl vectors which have 
been digested with Not I and treated with calf intestine alkaline phosphatase. These 
expression vector cassettes, which contain the entire coding capacity of the Sindbis 
structural proteins, are designated pOP13-SINSP and pOPRSVl -SINSP, respectively. 

Variations of the lac operon-Sindbis structural protein gene expression cassettes 

30 also can be constructed using other viral, mammalian, or insect-based promoters. Using 
common molecular biology techniques known in the art, the /ac operon and the RSV LTR 
promoter, or just the RSV LTR promoter, can be switched out of the Stratagene pOP13 
and pOPRSVl vectors and rq)laoed by other promoter sequences, such as the 
cytomegalovirus major immediate promoter (pOPCMV-SINSP); the adenovirus major late 

35 promoter (pOPAMLP-SINSP); the SV40 promoter (pOPSV-SINSP): or insect promoter 
sequences, which include the Drosophila metallothiondn inducible promoter (pMET- 
SmSP), Drosophila actin 5C distal promoter (pOPA5C-SINSP), heat shock promoters 
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HSP65 or HSP70 (pHSP-SINSP), or the baculoviras polyhedrin promoter (pPHED- 

smsp). 

b. Inducible Expression of Structural Protdits Via Alohavims Vector 

5 

Because of potential ototoxic efifocts from alphawus structural protein expresaon, 
the establishment of inducible packa^ng ceO lines which express even modest basal levels 
of these proteins may not ahrays be prefened. Therefore, packaging cell line expression 
cassettes are constructed which contain regulatory elements for the high level induaion of 

10 structural protein synthesis via nonstructural protdns supplied in trans by the alphavirus 
vector, but with no basal level of synthesis imtil q)pn)pri8tely stimulated. 

In this configuration, a structural protein gene cassette is constructed wherry 
transcription of the structural protdn genes occurs from an adjacent alphavirus junction 
region sequence. The primary features of such a cassette are: an RNA polymerase 11 

15 promoter portioned immediately adjacent to alphavirus nucleotide 1 such that transcription 
initiation begins with authentic alphavirus nucleotide 1; the S'-end alphavirus sequences 
required for transcriptase recognition; the alphavirus junction re^on sequence for 
expresaon of the structural protein gene mRNA; the alphavirus structural protein gene 
sequences; the 3 -end alphavirus sequences required for replication; and a transcription 

20 termination/polyadenylation sequence. Because of an upstream open-reading frame which 
ends prior to the AUG start site of the structural protein genes, expression of the alphavirus 
structural proteins can occur only after the synthesis of minus-strand RNA by vector- 
supplied nonstructural proteins, followed by the subsequent transcription of a structural 
protein gene mRNA from the junction region. Therefore, the inducibility of this system is 

23 dependent entirely on the presence of nonstructural proteins supplied by the alphavirus 
vector itself, introduced as either RNA transcribed in vitro or cDNA positioned 
dov^stream of an appropriate promoter element. In addition, the S - and 3 -end alphavirus 
sequences allow for this RNA transcript of the structural protein gene cassette to be 
amplified by the same vector-supplied nonstructural proteins {see Figure 16). 

30 Specifically, the construction of a positive-sense, vector-indncible Sindbis 

packaging cassette is accomplished as follows. Briefly, the pVGELVIS vector described 
previously is digested with the enzyme Bsp EI to remove nucleotides 422 to 70S4, 
including most of the nonstructural gene coding sequences, and the remaining 9925 bp 
fragment is purified in a 0.8% agarose gel. and subsequently re-ligated to itself to generate 

3S the construct designated pLTR/SindlBspE (Figure 16). This deletion leaves the S'-end 
authentic trandation start codon at nts 60^2 intact and creates in-frame downstream UAA 
and UGA stop codons at nts 7,130 to 7,132 and 7,190 to 7,192, respectively, thus 
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preventing translation of the downstream structural protein gene open-reading frame. The 
pLTR/SindlBspE padcaging cassette construct is subsequently transfected into BHK-21 
cells and transfectants are selected uaqg G4I8 at 400 |ig/ml and cloned by limiting dilution. 
After expansion of the transfected clonal lines, screening for packaging activity is 

5 performed by transfection of Sindbis-ludferase (SIN-luc) vector RNA as described 
previously. The data shown in Figure 17 demonstrate that transfection of SIN-luc vector 
RNA into several of these donal LTR/SindlBspE packaging cells results in the production 
of infectious Sindbis particles containing the SIN-luc RNA, as the recovered supematants 
are shown to transfer SIN-luc vector RNA to fresh monolayers of BHK-21 cells. 

10 A wide variety of variations of these padcaging cassette constructions can be made 

ffven the disclosure provided herdn, induding, for example, the substitution of other RNA 
polymerase promoters for the current MuLV LTR, the addition of one or more nucleotides 
between the RNA polymerase promote and the first Sindbis nudeotide, the substitution of 
other ribo^rme processing sequences, or the substitution of a non-Sindbis-encoded open 

15 reading fnme upstream of the structural protein gene sequences, which may or may not 
retain the S'-end Sindbis sequences required for transcriptase recognition. Furthermore, 
these constructs can be transfected into other cdl lines, as discussed previously. 

In another vector-indudble packaging configuration, expression cassettes contain a 
cDNA copy of the alphaviius structural protein gene sequences flanked by thdr natural 

20 junction and 3'-untranslated re^ons, and are inserted into an expression vector in an 
orientation such that primary transcription firom the promoter produces antisense structural 
protdn gene RNA molecules. Additionally, these constructs contain adjacent to the 
junction region alphavirus 5'-end sequences necessary for recognition by the viral 
transcriptase and a catalytic ribozyme sequence positioned immediatdy adjacent to 

23 alphavirus nucleotide 1 of the 5'-end sequence. As such, this ribozyme deaves the primary 
RNA transcript precisely after the first dphavirus nucleotide. In this antisense orientation, 
the structural protdn genes cannot be translated, and are dependent entirdy on the 
presence of alphavirus vinis nonstructural proteins for transcription into positive-strand 
mRNA prior to thdr expression. These nonstructural proteins again are provided by the 

30 dphavirus vector itsdf In addition, because this configuration contdns the predse 
dphavirus genome 5'- and 3'-end sequences, the structurd protdn gene transcripts undergo 
amplification by utilizing the same nonstructural proteins provided by the dphavirus vector. 
Details of tWs construction are described in (U.S.S.N. 08/348,472). 

In addition, packaging ceD lines also are generated which segregate the integration 

35 and expression of the structural protein genes, aUowing for thdr transcription as non- 
overiapping, independert RNA molecules, using the approaches described above. For 
example, the expression of capsid protein independentiy of glycoproteins E2 and El. or 
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each of the three proteiiis indqmulent of each other, diimnates the possibility of 
recombination with vector RNA and subsequent generation of contaminating wild-type 
wus. The construction of such "q)lit gene" expresaon cassettes is detailed in (U.S.S.N. 
08/348,472). 

5 

c. AmirWinR t*« Components to Create the Alohavirus Paclcaging 

For example purposes, the BHK-21 cdl line and replicon-inducible paclcaging 

10 expression cassette are used to demonstrate assenibly of the components. However, other 
pos^ble parent cell lines can be used to create alphavirus padcaging cell lines and have been 
discussed previously. Briefly, BHK-21 cdls are grown at 37_C in 5% CO2 in DMEM. 2 
mM L-glutamine, and 10% fistal bovine serum (optimal media). Approximately S x lO^ 
BHK-21 cells, grown in a 35 mM petri dish, are transfected whh 5 ^g pLTR/SindlBspE 

15 using 5 |xl of the Transfectam (Prom^ Madison, WI) cationic lipid reagent in seram-free 
media conditions, as suggested by the siqyplier. However, any method of transfection can 
be rapdly substituted, te., dectroporation, calchun phosphate predpitation, or by udng 
any of the readily available cationic liposome fonnulations and procedures commonly 
known in the art. At 24 hours post*transfection, the cdls are tiypsiruzed and reseeded in 

20 100 mm dishes in 10 ml of optinud media, as described above, supplemented with 400 
pg/ml of G418 and selected over a period of S to 7 days. Colonies displaying resistance to 
the G418 drug are then pooled, dilution doned, and propagated. Individual clones are 
screened for high levels of Sindbis stnictund protdn expression and functional packaging 
after transfection with Sindbis-ludferase veaor RNA transcribed in vitro from Sad 

25 linearized plasmid pKSSINBV-Iuc (see Example ICCiv)). Specifically, clonally-derived 
pLTR/SindlBspE transfected BHK-21 cells (referred to as LTR/SindlBspE or BK-Bsp 
cells) grown in 60 mm petri dishes are transfected with 2 pg of Sindbis-luciferase vector 
RNA and overiayed with 3 ml of optimal media (see above). At 20 hours post-transfection, 
the supematants are removed and darified by centri&gation for 30 minutes at 3,000 rpm in 

30 a Sorvall RT6000B tabletop centrifuge. In addition, the transfected cdl monolayer is lysed 
in reporter lysis buffer OPromega, Madison, WI) as described by the manufacturer and 
assayed for ludferase expression as described previously. 

The transfer of ludferase activity (and thus functional padcaging) is tested by using 
1.0 ml of the above supematants to infect fresh monolayers of BHK*21 cells in 60 mm 

35 dishes. At 20 hours post-infection, the cell monohiyers are lysed as described above and 
tested for ludferase expression. As shown in Figure 17, three clones (#13, 18, and 40) 
produce packaged Sindbis*luciferase vector. In addition, transfected clone #18 cells are 
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tested for increased vector padcagi^g over a tiznecourse following transfection. 
Supennatants from transfected done #18 cells are harvested at 20. 45» and 70 hours post* 
transiection, as described above, and used to infect fresh monolayers of BHK-21 cdls. 
Figure 18 shows that Sindbis-ludfmse vector packa^ng increases significantly at 4S hours 
5 post-transfection. Expression also can be tested by Western blot axuJysis using polyclonal 
rabbit anti-Sindbis antibodies. 

3. Inducible Vector and Structural Protein Expression for Alohavirus Producer 
Cell Ling? 

10 a. Use gf Viral PromptOT 

Another approach to devdoping an alphavirus vector, producer cell line is to 
generate alpha>arus vector producer lines from mosquito cdls, where viral persistence often 
results after infection. However, the titer of infectious virus produced in persstently 
IS infected mosquito ceUs is only about 1.0 x 10^ pfii/ml, at least five orders of magnitude less 
than that observed after lydc infection of BHK-21 cdls by Sindbis. 

Several strategies are described for indudble a^havirus vector producer cell lines 
containing both vector and vird structural gene cassettes such that productive cytolytic 
infection occurs only after the correct stimulus. Because these approaches operate on a 
20 "feed forward" level, "Icaldness" in the regulatoiy control of the system may result in 
initiation of the alphavirus replication cycle and probable cell death. Therefore, tightly 
regulated control mechanisms are necessary for such a system. 

The hallmark of development is the differentiation state*dependent pattern of gene 
expression. Briefly, gene expression patterns differ widely between undifferentiated and 
terminally differentiated states. Thus, a cell whose differentiation state can be controlled is 
likely an ideal host in whidi to derive an dphavirus vector producer cdl line. In such a 
configuration, the expression vector cassette and, in some instances, structurd components 
are coupled to termind differentiation state*indudble promoters, according to the strategy 
described for ELVIS, and used to transform stably an undifferentiated host cell Terminal 
differentiation of the host producer cell after induction with the appropriate stimuli 
coinddentaUy resulu in induction of the dphavirus replication cycle and produaion of 
packaged vector. Other strat^es described herein, induding antisense structurd genes 
and heterologous vird expression ^stems, are readily coupled with cellular differentiation 
state-dependent promoters described bdow. 

In this approach, four examples are described using dther a vird or cellular 
promoter active in only termiiudly differentiated cdls. 
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It has been shown that mouse Py, SV40, and MoMLV are all able to infect and 
enter undifierentiated mouse embryonal carcinoma (EC) cells, but the expression of their 
genes (and heterologous genes) and estabHshmem of producdve infection is blocked 
(Swartzendiuber and Lehman. J, CeU. PhysioL 95:179-188. 1975; Peries etal.. J. NatL 

5 Cancer InsL 59:463-465, 1977). These viral growth properties also have been 
demonstrated in two cell lines, PCC4 and F9, which are derived from the malignant stem 
cdls of mouse teratorcardnomas. The block to viral propagation occurs at the level of 
transcription and replication, and maps to the enhancers contained vnthin the viral non- 
coding control regions (LinnQr eted.. Nature 308A10-A12, 1984; Fujimura etal, CeU 

10 2i:809-814, 1981; Katinka and Yaniv, CeU 20:393-399, 1980). When MoMLV infects 
undifferentiated EC cells, the viral DNA integrates into the genome. However, as stated 
above, expression of viral or heterologous genes b blocked. This block of viral expression 
is released upon terminal differentiation of EC cdls by ad(fition of retinoic acid to the 
growth medium. 

IS To test the RNA expression properties of the yVGELWlS construct in EC cdls. 

plasmid DNA is complexed with LipofectamuNf™ according to the conditions suggested by 
the supplier (ol, 5 g DNA/8 g lipid reagent) and added to 35 mm wdls containing 
undifferentiated PCC4 or F9 cdls fujimura et al.. 1981, CeU 23:809-814) at 
approxunatdy 75% confluency. The devdopmem of q>e and the level of Sindbis 

20 productive infection, quantitated by pteque assay of media supernatant, is determined at 
regular intervals over 5 days in undifferentiated and differentiated transfected PCC4 or F9 
cells. Differentiation of F9 and PCC4 cdls is accomplished by addition of retinoic acid 
(Sigma Chemical Co., St. Louis, MO), to a final concentration of 1 M. 

It has been proposed that the hierarchy of relative expression of heterologous genes 

25 observed in undifferentiated EC cdls infected with MoMLV vectors may be in part 
insertion dependent (Linney e/ a/.. 1987. J. Virol. 67:3248-3253). Thus, undifferentiated 
EC cdls transfected with pVGELVIS may likely produce different resuhs, in terms of 
transcription of the Sindbis genomic cDNA and, in turn, of initiation of the viral life cyde. 
In this event, following G418 selection of pVGELVIS transfected undifferentiated EC cdls. 

30 remaining cells are doned and expanded. The cell dones are then tested for the production 
of Sindbis virus after differentiation by addition of retinoic add. 

To isolate vector packaging cdl lines whose production of stnicturd proteins in the 
presence of Sindbis nonstructural proteins is cdl differentiation state dependent, 
undifferentiated F9 or PCC4 cdls are transfected with pLTR/SWdlBspE and G418 

35 sdected. as described above. Differentiation state-senshwe dones are then selected by 
infection at high mukiplidty with packaged pSIN-BV-luc vector. Clones which are 
resistant to ceU lysis or do not produce padcaged pSIN-BV-luc vector particles, are 
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candidate vector f^'^^ff^ clones. These candidate clones are tested for SIN-luc vector 
paitide production foHowing terminal differentiation with retinoic add, as described. 

The murine wild type Py is unable to replicate in the teratocardnoma cell lines 
PCC4 or F9. Tins block of replication in undifferentiated cells occurs at the level of 

5 transcription of early r^on (Le., T antigen) genes, and is rdeased by induction of terminal 
(Ufferentiation with vitanun A. Py mutants whidi are able to establish productive infection 
in undifferentiated PCC4 and F9 cells map to the wal enhancer region. The genesis of an 
embryonic tissue specific transcriptional enhancer demem has resulted in these mutants. In 
order to exploit this property of inhibition of Py replication in undifferentiated 

10 teratocardnoma cell lines, the viral regulatory non-coding region, including the enhancer, is 
coupled to the genomic cDNA of Sindbis vims according to the ELVIS strategy. The 
predse transcriptional start site of the Py early region has been determined (see Tooze, 
DNA Tumor Viruses, 2nd Ed. Cold Spring Harbor, NY, 1981). The PCC4 and F9 cdl 
lines are stably tnuisfonned with the Py-Sindbis vectors. Sindbis productive infection 

IS occurs after addition of retinoic add to the culture medium and induction of temunal 
differentiation. The construcdon of diffeientiation state-controOed alphavirus vectors is 
detailed in (U.S.S.N. 08/348,472). 

b. Use of CeBula r Promoters 

20 

The third example of this strategy uses the p-globin locus control region. The p- 
gloUn multigene cluster contains five devdopmentally regulated genes. In the early stages 
of human development, the embiyonic yolk sac is the hematopoietic tissue and expresses 
the e-globin gene. This is followed by a switch to the yglobin gene in the fetal liver and the 

25 6- and p-globin genes in adult bone marrow (Collins and Wdssman, 1984, Prog. Nucleic. 
AcidRes,Mol. Biol. 31:315). 

At least two mouse erythroleukemia lines, MEL and Friend, serve as models for 
terminal differentiation dependent expression of p-globin. Expression of p-globin is 
observed in these lines only after induction of temunal differentiation by addition of 2% 

30 DMSO to the growth medium. 

The entire p-globin locus is regulated by the locus control r«igion (LCR). Within 
the LCR is the dominant control region (DCR) residing within the DNase I hypersensitive 
region, which is 5' of the coding region The DCR contains five DNase I hypersensitive 
(HSl- HS5) sites. The DCR directs high Icvd site of integration independent, copy number 

35 dependem expression on a linked human p-globin gene in transgenic mice and stably 
transfected mouse erythroleukemia (MEL) cdls (Grosvdd etaL. CSHSQB 58:7-12, 1993). 
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In a recent study ^Uis et aL, EMBO /2:127*134, 1993), ooncatamers of a synthetic core 
coinddii% to sequences whlun HS2 were shown to function as a loois control region. 

In order to accomplish the diflSsiendation state dependent expression of alphavinis 
vectors, the viral genomic cDNA is juxtqx»sed with a promoter containing a tandem 

5 synthetic core corre^nding to the LCR HS2 site. Altenuttively, the desired alphavinis 
vector constroct can be inserted downstream of the LCR in the endog«ous p-globin gene 
by homologous recombination. In such a strategy, the p-globin transcription initiation site 
after terminal differentiation would be first determined, in order that the alphavinis vector 
could be placed precisely at the start site. 

10 Initiation of a lytic \iral life cycle is controlled by the differentiation state of the host 

cell is applicable to other systems, v^ere the control of viral induced cytopathology is 
desired. 

Yet another approach to regulating alphavinis gene expression through a 
differentiation state sensitive promoter is the use of the retinoic add receptor a (RARA) 

15 and acute promydomonocytic leukemia cells (APL). APL cdls are clonal myeloid 
precursors characterized by high growth rate and differentiation arrest. A non-random 
chromosomal translocation breakpoint, t(lS;17Xq22;21), occurs in abnost all patients with 
APL. The RARA gene has been localized to diromosome 17q21 . Analysis of APL mRNA 
from patients has shown that roost APL brealq>oints occur within the second intron of the 

20 RARA gene and result in abnormal fiidon transcripts. Co-transfecdon assays with RARA 
and PML^RARA fiidon cDNAs have demonstrated that the resulting fusion proteins can 
antagonize wild-type RARA in the presence of retinoic add. These studies implicate PML- 
RARA fusion protein in the molecular pathogenesis of APL. Importantly, a significant 
number of patients achieve complete remission after all-trans retinoic acid treatment 

25 (ATRA). High concentration of ATRA may overcome the RARA deficiency leading to 
high levels of RA in the nucleus. Differentiation of the APL cells can then be achieved 
through activation of RARA responsive genes. RA can induce differentiation of a number 
of cell lines, including the hunum leukemia line HL-60. 

The retinoic add receptor is a member of a nudear receptor superfanuly that 

30 includes the thyroid and steroid hormone receptors. Four different forms of the human 
RAR have been identified, and the corresponding cDNAs doned and characterized. In 
order to accomplish the differentiation state dependent expresaon of Sindbis vectors, viral 
genomic cDNA is juxtaposed with the RARA DNA binding site, creating ELVIS- 
RARASIN. As with the strat<5gy proposed for ELVIS-PySIN expression in 

35 undifferentiated EC cdls, diffoentiation sensitive ELVIS-RARASIN expresnng cells are 
isolated. 
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c. InsMtton of Vector Constnicts into Diffjerefitiation State Controlled 
Inducible Promoters 

Generation of clones, v^se expression of heterologous genes from Sindbis vectors 
5 positioned in the ELVIS configuration is differentiation state depmdent is accomplished as 
described above for the pVGELVIS and pLTR/SindlBspE plasmids. Generation of clones 
vAiose production of vector particles is differentiation state dependent is accomplished by 
transfecting the isolated differentiation dependent vector packaging clones described above 
with ELVIS heterologous gene expresdon vectors. Clones having the deared phenotype 
10 or vector production after retinoic acid induced differentiation are isolated as described 
above. 

E. Creation of CEA RNA Depen dent Sindbis Vector Producer Cell Lines 

15 Unlike the previous examples of creating producer cell lines, it may be that only a 

single round of gene transfer into the packaging cell line is pos^ble by vector transfection. 
Since these vectors will be disabled and prevented in the synthesis of full genomic vectors, 
re-infection of a fresh layer of Sindbis packaging cell lines will end in an aborted infection 
since these vectors are now dependent on the presence of the CEA RNA to become active. 

20 Higher titers may be achieved by dilution cloning transfected producer cell lines using the 
RT-PCR technique. 

Examples 

25 Detection of Replication Competent Retroviruses 

A. The Extended S^L'Assav 

The extended S'^L' assay determines whether replication competent, infectious virus 
30 (RCR) is present in the supernatant of the cdl line of interest. The assay is based on the 
empirical observation that infectious retroviruses generate foci on the indicator cell line 
MiCli (ATCC No. CCL 64.1). The MiCli cell line is derived from the MvlLu mink cell 
line (ATCC No. CCL 64) by transduction with murine sarcoma virus (MSV). It is a non- 
producer, non-transformed, rcvcrtant clone containing a replication defective murine 
35 sarcoma provirus, S"^, but not a replication competent murine leukemia provirus. L'. 
Infection of MiCli cells with replication con^>ctent retrovirus "activates- the MSV genome 
to trigger "transformation" vA^ch results in fod formation. 
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Supernatant is ranoved fiom the odl Ime to be tested for presence of replication 
competent retrovirus and passed through a 0.45 p filter to remove any cells. On day 1. 
MvlLu cells are seeded at 1.0 x 10^ cdls per wdl (one wdl per sample to be tested) of a 6 
well plate in 2 ml DMEM, 10% FBS and 8 pg/ml polybrene. MvlLu ceUs are plated in the 

5 same manner for poative and negative controb on separate 6 well plates. The cells are 
incubated overnight at 37_C, 10% CO2. On day 2, 1.0 ml of test supernatant is added to 
the MvlLu cells. The negative control plates are incubated with 1.0 ml of media. The 
positive control consists of three dilutions (200 focus forming units (fifii), 20 fiu and 2 flu 
each in 1.0 ml media) of MA vims (refered to as pAM in Miller et cd.. Molec. and Cell 

10 Biol. J:431, 1985) which is added to the ccUs in the poative control wells. The cells are 
incubated overnight. On day 3, the media is aspirated and 3.0 ml of fresh DMEM and 10% 
FBS is added to the cells. The cells arc allowed to grow to confluency and are split 1:10 
on day 6 and day 10, amplifying any replication competent retro^drus. On day 13, the 
media on the MvlLu cells is aspirated and 2.0 nd DMEM and 10% FBS is added to the 

15 cells. In addition, the Miai cells are seeded at 1.0x10^ cdls per well in 2.0 ml DMEM, 
10% FBS and 8 pg/ml polybrene. On di^ 14, the supernatant fixxm the MvlLu cells is 
transferred to the corresponding well of the cells and incubated overnight at 37_C, 
10% CO2. On day 15, the media is aspirated and 3.0 ml of fiesh DMEM and 10% FBS is 
added to the cdls. On day 21, the cells are examined for focus formation (appearing as 

20 clustered, refractile cells that overgrow the monolayer and remain attached) on the 
monolayer of cdls. The test artide is determined to be contaminated with replication 
competent retrovirus if fod appear on the MiCli cdls. Using these procedures, it can be 
shown that the recombinant vind vector producer cell lines are not contaminated with 
replication competent retroviruses. 

23 

B. Co^uhivation of Producer L ines and MdH Marker Rescue Assay 

As an dtemate method to test for the presence of RCR in a vector-producing cdl 
line, producer cdls are cocultivated with an equivdent number of Mis dumi (NIH NIAID 

30 Bethesda, MD) cdls. SmaU scde cocultivations are performed by nuxing of 5.0 x 10^ Mus 
dumi cdls with 5.0 x 10^ producer ceUs and seeding the mbcture into 10 cm plates (10 ml 
standard culture media/plate, 4 pg/ml polybrene) at day 0. Every 3 to 4 days the cultures 
are split at a 1:10 ratio and 5.0 x 10* h4u5 dumi ceDs arc added to each culture plate to 
effectivdy dilute out the producer cdl line and provide maximum aroplifcation of RCR. On 

35 day 14, culture supernatant is harvested, passed through a 0.45 p cellulose-acetate filter, 
and tested in the MdH marker rescue assay. Large scde co-cuhivations are performed by 
seedirig a mfatture of 1.0 x XtfiMusdunni cdls and 1.0 x 10* producer cdls into a totd of 
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twenty T-ISO flasks (30 ml standard culture media^ask, 4 |ifi/ml polybrene). Cultures are 
splitataratioof l:10ondays3,6,andl3andatarBtioof l:20onday9. On day IS, the 
final supernatant is harvested, filtered and a portion of each is tested in the MdH nuuker 
rescue assay. 

s The MdH marker rescue cell One is doned firom a pool of Mus dunni cells 

transduced with LHL, a retroviral vector encoding the bygronqrdn B resistance gene 
(Palmer et aL. PNAS 84: 1055-1059, 1987). The retroviral vector can be rescued from 
MdH cells upon infection of the cells with RCR. One ml of test sample is added to a well 
of a 6-well plate containing 1.0 x 10^ MdH cells in 2 ml standard culture medium (DMEM 

10 with 10% FBS, 1% 200 mM L-glutamine. 1% non-essential amino acids) containing 4 
pg/ml polybrene. Media is replaced after 24 hours with standard culture medium Axnthout 
polybrene. Two days later, the entire volume of MdH culture supernatant is passed 
through a 0.45 ^ cellulose-acetate fiUn and transferred to a well of a 6-well pbtte 
containing 5.0 x 10^ Mus dmni target edis in 2 ml standard culture medium contairang 

IS polybrene. After 24 hours, supernatant is rq>laced ^mth standard culture media containmg 
250 pg/ml of hygromydn B and subsequently replaced on days 2 and 5 with media 
contuning 200 pg^ of hygromydn B. Colonies reastant to hygromydn B appear and are 
visualized on day 9 post-sdection by staiiung with 0.2% Coomassie blue. 

20 Example 4 

netennination of Protein Expression 

A. Western Blotting 

25 

i. Preparation of RIPA-Lvsates 

Cells transduced with the recombimuit vectors of this invention are harvested with 
trypan/EDTA and washed twice with cold PBS. The cells are lysed with 50 to 400 ml 
30 RIPA buffer (10 mM Tris-HCl pH 7.0; 1% (v/v) NP40; 0.1% (w/v) SDS; and 150 mM 
NaCl) and incubated for 15 minutes at room ten^ierature. The lysate is centrifiiged at full 
speed in an Eppendorf centrifuge for 5 minutes. The supernatant is removed and stored at 
-20_C. A Bradford protein assay is performed to detennine the total- protdn concentration. 

. 35 

u. §BS=tm 

A sample of RIPA lysate containiqg a total protdn concentration of 20 mg and a 
commerdal molecular wdght (MW) marker (Anersham, Chicago, IL) are mbced 1: 1 with 
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2x sample buffer (4% (w/v) SDS, 50 inM Tris-HQ pH 7.0, 24% (vAr) glycerol, 0. 1% (wAr) 
bromophenol bhie and 0.05% p-mercaptoethanoO and heated to 65_C for 10 minutes. 
After heating the sanqile and MW marker are placed on ice. The slots of a precast 7.5% 
Tris HCI based minigel (BtoRad, Hercules. CA) are rinsed with tunning buffer (3.0 gm 
5 Tris-HCl pH 8.6, 1.0 gm SDS and 14.4 gm glycine to 1.0 L) and the sample and MW 
marker are loaded onto the gd. Approximatdy 70 to 120V is applied to the gel until the 
marker reaches the bottom of the gd. 

10 iii. Transfer 

The protein bands are transferred from the gel to an Inunobi!on-P™ membrane 
(MUlipore, Bedford, MA) by immersing the gd in CAPS buffer pH 11.0 with 5% (v/v) 
methanol for 5 minutes. The Hoefer HSI TIE transfer apparatus (Hoefer Scientific 
IS Instruments, San Frandsco. CA) b used to transfer proteins from the gd to the membrane, 
i^proximatdy 70V is appUci to the gd for 1.5 hours. 

iv. InHmmodctcctjgn 

20 

The Immobtk)n-F™ membrane is blocked for 30 minutes at room temperature with 
0.5% BM blocking reagent (Boduinger Mannhdm. Ciucago, IL) containing 3% BSA. 
heated slowly in a microwave. The membrane is then probed with a primary mouse 
antibody that reacts spedficdiy with the protein bang detected at a 1:2000 dilution in BM 

2S blocking solution containing a 3% BSA and incubated for 1 hour at room temperature. 
The membrane is washed three times with 40 ml of PBST (0.2% Tween-20 in PBS) for 10 
min and a secondary goat anti-mouse, HRP-labded antibody (Jackson, Bar Harbor, MA) at 
a 1:20,000 dilution in 3% BSA solution (Sigma, St Louis, MO). The membrane is then 
washed three times with 40 ml of PBST for 10 minutes. After washing, the membrane is 

30 submersed in ECL devdoping solution (Amersham, Chicago, IL) for 1 minute and then 
wrapped in plastic wrap and exposed to Hyperfihn (Amersham, Chicago, IL) for S seconds. 
The fihn is then devdoped and the protein bands are analyzed. 

33 B. Indirect li<iimin «fliinresc«mce Staining and FACS Analysis 

The indirect immunofluorescence staining and FACS analysis method of Amiot, et 
al. (Lymphocytes: A Practicd Approach, GGB Klaus (ed.), IRL Press (1987), pp 77-72) is 
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used to detect cell sur&ce expresaon of htterologous protein antigens from recombinant 
vector transduced cells. Fifty miaoliters of primary antibo^ stock, 62 pg/ml of antibody 
that spedfically react with the protein to be detectedin FACS buffer PBSA containing 0.2% 
BSA and 0.2% NaN3 are added to each well in the first column of a 96 well U-shaped 

S nuootiter plate. The antibody in this cohmin is then serially diluted to the wells of the 
ronaining columns. Approximately SO ^1 of target cell suspension, 2.0 x 10^ to 4.0 x 10^ 
cells/ml, in FACS buffer are placed in each well (the antibody final concentrations are 31, 
10, 3.1, 0.31, and 0.1 ^g/ml) of the microtiter plate and incubated for IS minutes at room 
temperature. Following incubation, 100 pi of FACS buffer is added to each well and the 

10 microtiter plate is centrifuged at 2000 rpm for 1 minute. The supernatant is removed and 
200 \il of fresh FACS buffer is added to eadi well. This process is repeated 3 additional 
times. After the final wash, the secondary antibody sohition containing 8S% FACS buffer, 
10% normal mouse serum, and S% FTTC labeled anti-mouse antibody is added. The 
microtiter plate is washed ft>ur times with firesh FACS buffer. After the final wash, 1 SO pi 

15 fitim each well is transferred to a FACS tube (Falcon 2052 tubes) and 100 pi of FACS 
buffer is added. The fluorescent signal is detected by a FACScan counter. 

C. Simple Indirect Immuno-peroxidase Stainmg on Frozen Scaions 

20 Frozen tissue sections are dried at room temperature for 30 minutes. The dried 

tissue sections aro fixed with anhydrous acetone for 15 minutes at room temperature and 
allowed to air dry. The sections are rehydrated with PBS for several minutes. Tissue 
sections are then incubated in a humid chamber for 45 to 120 minutes at room temperature 
with 50 ix\ of primary antibody that specifically reacts with the protein to be detected 

25 (Marek, ei aL. Cancer 67:1377, 1991). The tissue sections are then washed with PBS and 
allowed to soak in PBS for several minutes. FoUowing soaking, the sections are incubated 
v^th SO pi of HRP conjugated anti-mouse antibody or HRP-conjugated strept-avidin 
(DAKO, Carpenteria, CA) for 45 to 120 minutes at room temperature. The tissue sections 
are then washed with PBS and allowed to soak in PBS for several minutes. Following 

30 soaking, the sections are incubated with 60 to 100 pi substrate solution containing 0.01% 
H2O2 and 3,3 diaminodenzidine (DAB) for 8 nunutes or for 20 minutes with substrate 
solution containing 100 pi of a-ethyl carbazole (60 mg of 3-aniino-9-eth)4carbazole in 25 
ml DMF) in 1 ml of acetate buffer (0.68 g sodium acetate in H2O pH S.2 adjusted to a 
volume of 250 mis) and 0.01% H2O2. The tissue sections are washed with water for 2-5 

35 minutes and then stained with hacmotoxylin for 15 seconds. The tissue sections are then 
washed with water for 10 seconds and mounted in a Crystal Mount™ (Biomeda, Alameda, 
C A) according to manu&cturer's instructions. 
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D. Expression of U idferMc in Tnmrfccted and Infected BHK>21 CeDs 

S In order to test the functionality of the Sindbis Baac Vector, the expression of 

hidferase in cells tninsfiKted with RNA transcribed in vitro from Sacl-Iinearized 
plCSSINBV*luc is tested. In addition, a complementary packa^ng vector which is deleted 
of most of the nonstructural gene region is constmcted by digestion of pVGSP6GENrep 
with BspEI and re-ligation imder dilute conditions. This construction, designated 

10 pVGSP6GENdlBsp, lacks nonstructural gene sequmces between bases 422-7,054. 
Transcription in vitro of Xba I-linearized pVGSP6GENdIBsp and Sac I linearized 
pKSSINBV-luc is performed as described previously. Transfections and co-transfections 
are per f ormed by complexing in vitro transcription products with Lipofectin''^ and applying 
to BHK-21 cells. The expression of ludferase in transfected cells is tested 18 hours after 

15 transfection. Additionally* 1.0 ml of the transfbction supernatant is used to infect a 
confluent monolayer of BHK*21 cells and the expression of ludferase is tested at 24 hours 
post^infecdon. 

The results of tins experiment, shown in Figure 19, demonstrate clearly abundant 
reporter gene expression follows transfection of BHK-21 cells with in vitro transcribed 

20 RNA from pKSSINBV-luc, and transfer (e.g., packa^ng) of the expression activity when 
cells are co-transfected witii in vitro transoibed RNA fix)m pVGSP6GENdlBsp. 

Additonal modifications to the junction region promoter which increase, decrease, 
or inactivate activity, or result in the insertion of tandemly arranged copies of the junction 
region, are readily accomplished based on (U.S.S.N. 08/348,472). 

25 To detect intercellular markers, such as HSV TK, a FACS analysis is performed. 

Briefly, HT1080 cells are transiently transduced with varying dilutions of the recombinant 
viral vector carrying the HSV TK gene. The samples are centrifuges and the cells are 
resuspended in 2.0 ml of PBS that does not contain Ca'*'^ or Mg^2 (CMF.PBS). 
Approximately 0,2 ml of 37% formaldehyde solution is added while the sample is gently 

30 shaken. The sample is then incubated for 20 minutes at room temperature with gentle 
agitation. Following incubation, the sample is washed three times with CMF.PBS. The 
ceUs are then suspended in 2.0 ml of SO mM NH4CI in CMF.PBS and incubated for 20 
minutes at RT with gentie agitation. Following incubation, the sample is washed twice with 
CMF.PBS. The sample is then washed again with CMF.PBS containing 1% BVSA 

35 (Fraction V, Sigma, St. Louis. MO) and 1% saponin (CMF.PBS/BSA/Sap). 
Approximately 100 ^il of primary antibody (Repligen, Cambridge, MA; ICl O.S (ig/sample) 
is added to this suspension and the mixture is incubated for 1.0 hour at RT with gentle 
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agitation. The mixture is then centri&ged and the pellet is washed three times with 
CMF.PBS/BSA/Sq). Approximately 100 |il of dihite secondaiy antibody (Cappel, 
Duriiam, NC; labbit anti-mouse Ig&FIFC 1:1000) resuspended in CMF.PBS/BSA/Sap 
and the mixture is incubated for 30 minutes at RT with gentle agitation. Following 
S incubation, the pellet is washed three times witii CMF.PBS/BSA/Sap. The sample is 
resuspended in 0.5 ml of CMFPBS^SA/Sap containing 2S ^g of Propidium Iodide and 
analyzed by FACS. 

Example ? 

10 

Petenninatign of Activity of the Expressed Protein 

A. Determination of Tissue Factor Activity 

IS Cells are removed fix)m plates by suspension in 1 ml of 0.01 M sodium phosphate 

hutEei, pH 7.0, contraung 0.15 M NaCI. The absoibance at 550 nM is adjusted to 0.750 in 
order to adjust for differential ceU density on the pbtes. The ceOs are sonicated for 1 
minute and Triton X-100 is added to a final concentration of 0.1 percent. The samples are 
rotated at room temperature for 90 minutes and ceUular dd>ris removed by centrifiigation 

20 at 10,000 x g. Detergent solubilized extracts are rdipidated by diluting 2 ^1 of the sample 
into 0.8 ml 0.05 M Tris-HCI, pH 7.5, containing 0.1 M NaCI, 0.1 percent bovine serum 
albumin (IBS buffer). Fifty pi of a 5 mg/ml solution of phosphotidylcholine (lecithin) in 
0.25% deoxychoHc add and 25 fil of CdCb are added and the solution incubated for 30 
minutes at 37 JC. 

25 The chromogenic assay for tissue factor activity is based upon the activation of 

factor X in the presence of tissue factor and fiu:tor VU. The amount of factor Xa formed is 
then assessed by the factor Xa catalyzed cleavage of the chromogenic substrate S2222. 
Three ^l of a 0.4 mg/ml solution of human factor X (Enzyme Research Laboratories, South 
Bend, IN) and 2 jil of a 200 U/ml solution of human fector VII (Sigma Chemical Company, 

30 St. Louis, MO) are added to 100 ^1 of 0.025 M CaCl and 46 fil of TBS. The sample to be 
assayed is added and the reaction mixture incubated for 5 minutes at 37_C. The 
chromogenic substrate S2222 (Helena Laboratories, Beaumont, TX) is added (50 ^1 of a 2 
mg/ml sohition) and the reaction aUowed to continue for 10 minutes. The reaction is 
tenninated by the addition of 100 ^1 of gladal acetic add and the absorbance at 405 nm is 

35 measured. An assay control consisted of the addition of a relipidation mixture to which 
TBS buffer is added instread of a tissue &ctor contaiiung sample. 
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For the assay of COS-7 transfected cdls» 2 lU of cdl extract is added to the reaction 
mixture. For leference, a standard curve was constnicted uang rabbit brain thromboplastin 
(Sigma Chenucal Co.. St. Loins, MO) reconstituted according to the manu&cturer's 
instructions. The thromboplastin sohition is dOuted 1:30 and the indicated volumes are 
s added to the diromogenic assay (nshff, et aL, Jiavmbosis Research 48:99, 1987). 

B. Determination of Anti.Aniridgenic Acthwtv 

Anti-angiogenic activity of various polypeptides useful in accordance with certain 

10 aspects of this invention may be assayed on the chorioallanoic membrane (CAM) as 
described by Takigawa, et al., {Biockem. Int. 14351, 1987). Briefly, B16 melanoma cells 
are inoculated subcutaneously into the loins of CS7BL/6N mice. When the tumors reach 
approximately 1 cm in diameter, they are exdsed, cut into pieces of 2 mg and placed on 
sterile Whatnum GF/B glass fiber filter disks (6 mm in diameter, Reeve-Angel, CUfton, NJ) 

IS to which 30 ^1 of transduced cells have been added. They are placed upside down on the 
CAM of 10-day-old diicken embtyos through windows made in the egg shells on day 8 of 
inoculation. The embryos are killed 5 di^ later by tiyection of 10% fomalm in PBS. The 
CAM is excised, fixed in 10% formalin in PBS inverted, and examined under a stereo- 
microscope. An^ogenesis is assayed by measuring the number and thickness of capillaries 

20 beneath the fiher. A thick capillaiy, a middle sized capillary, a small capUlaty, and S minute 
cqnllaries are given 3, 2, 1 and 1 points, rq>ectivdy, and the average number of points is 
d^ed as the angiogenic activity. The diameters of tumors on the filters are measured in 
three dimensions and the tumor aze is calculated as (n/6) abc mm^ (a. b. and c: length, 
width, and height, respectively). Low average number of points and decreased tumor size 

23 indicates anti-an^ogenic activity. 

C. Determination of Tumor Vascularization 

To visualize the vascularization of tumors treated in accordance with methods 
30 taught herein, mice are injected with 300 pi of India ink at 4 minutes before sacrifice and 
the skin is taken and dried. The firee blood flow b estimated using 10 pm E-Z TRAC 
ultraspheres (Interactive Medical Technology, Los Aqgeles, CA). 5 x 10^ of 10 |im 
microspheres are injected into the left ventricle of a mouse and the tumor tissue harvested 
after S nunutes. After dissolving the tumor tissue, the beads present in tiie tumor are 
35 counted and expressed as beads per gram tumor tissue. 
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D. rtetiinninatiiin « f tha Hemes Simnleic Vmis Thymidine Kmasc Activity 

The sensitivity of HSVTK vector transduced cells to gancydovir may be used to 
detennine the activity of expressed HSVTK expressed in ceUs treated according to the 

5 disclosed methods. Briefly, cells that are tranduced with pTK-3 are seeded into six plates 
at a denaty of 2.5 x lO^ per plate. In addition, untransduced CT26 and CT26 p-gal (this 
cell line was transduced with a vims canying the reporter gene p-galactosidase from E. 
colL), are also seeded into ax plates as controls. Five plates of each cell type are treated 
twice per day for four consecutive days with medium containing ganciclovir concentrations 

10 of 100 ng/ml, 50 pg/ml, 25 pg/ml, 12.5 ^g/ml, and 6.25 ng/ml. One plate of each cell type 
is left untreated. Following this treatment, the cells are removed from each dish using 
trypsin/EDTA, resuspended in DMEM with 10% FBS and counted. Similar protocols can 
be employed for other pro-dnig activating enzymes. 

15 E. Determinati on of Folate-Tnteprin fl3 Aetwitv 

i. rril SSutfatse Fo«e Add Binding Aaaav 

MCF>7 stable transfectants are pkted and maintuned in the same media vnthout 
20 G418. Plating densities are adjusted so that cells are 75% confluent for the folic acid 
binding assays. The form of radiolabeled folic add used is an iodinated. histamine 
derivative of folic acid obtained from New England Nuclear. CeUs are washed twice with 3 
ml ice-cold pH 4.5 saline (10 mM Na-acetate, 150 mM NaCl) to dissociate surface-bound 
folates from cdl surface folate receptor. Cdl monolayers are subsequently washed twice 
25 with 3 ml ice cold PBS, pH 7.4, to return the pH to neutral. For cell surface-binding of 
radiolabeled folic add, ceUs are incubated in 2 ml of ice-cold DMEM (without FCS). 
containing iodinated, histamine derivative of foUc add (20,000 cpm total added to 50 nM 
cold folic add) and 50 ^g/ml BSA for 15 minutes in an ice-HiO bath. To determine 
spedfic cdl surface binding (cpm/mg protein), paralld experiments are perfonned in which 
30 1 ,000-fold excess of cold foUc acid is added. The monolayer is washed twice with (with 3 
ml each) ice-cold PBS. pH 7.4. CeUs arc solubilired and supernatant samples are counted 
in a gamma counter (55B; Beckman Instruroents, Inc., Dallas, TX) at -70% effidency. 
Protein concentration in each solubilized sample are determined as described above. 
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U. Folic Aq ^l ftjn^lmff AfflHlY 

The [^H] folic add binding assay is perfonned both by direct binding of pH] folic 
acid to membranes and by a solution-phase assay. In the direct binding assay, membrane 

S samples (10-100 |ig of protein) are incubated with 3 pmol of [^H] folic add (40 Ci/mmol) 
in 10 mM sodium phosphate buffer (pH TSyiSO mM NaCI/10 mM EDTA for 30 minutes 
at 37_C with constant agitation. The membranes are sedimented at 12,000 g for IS 
minutes, washed once with the same buffer, dissolved in 10 mM sodium phosphate buffer 
(pH T.SyiSO mM NaCl/1% Triton X-100, and subjected liquid scintillation counting. 

10 Nonspecific binding of [^H] folic add is determined for both the assays by perfonning the 
assay in each case simultaneously with controls in which the addition of [^H] folic acid is 
preceded by incubation for S minutes at room temperature with 100 pmol of unlabeled folic 
add. 

15 iii. Methotrexate Transport Studies 

Stable transfectants are plated and cell monolayers are washed twice with 3 ml ice- 
cold pH 4.S saline and twice with 3 ml ice-cold PBS, pH 7.4. For internalization of 
irradiated methotrexate (^H-MTX) cells are incubated in 2 ml of prewanned (37_C) 

20 DMEM (without FCS or other additives), containing SO fig^ml BSA, and 2 pM [^H] MTX, 
for 30 nunutes at 37.C, 5% CO2. To detenmne specific MTX internalization (pmol/mg 
protdn), parallel experiments are perfonned in the presence of 500-fold excess cold MTX. 
To differentiate transport mediated by human folate receptor (hFR) fi^om the reduced folate 
transporter, parallel experiments are run in the presence of molar (100-fold) excess of cold 

25 folic add which inhibits transport via hFR. The monolayer is washed once with 2 ml ice- 
cold PBS (pH 7.5), once with 2 ml pH 4.5 saline to remove surface-bound ^H-MTX, and 
finally with 2 ml of ice-cold PBS (pH 7.5). Cells are solubilized and samples (500 jil) are 
added to 10 ml of liquid scintillation cocktail and counted on a liquid scintillation counter 
(Tri-carb; Packard Instrument Co., Inc., Downers Grove, IL) at -50% efficiency. Protein 

30 concentration in each solubilized sample is determined as described above 

F. Detenmination of Integrin B-t Activity 
i. Peptides 

35 

A 16-amino add fibrinogen y chain pq)tide (K16), having the sequence 
KYGGHHLGGAKQAGDV, is prepared by solid phase synthesis on an AppUed 
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Biosystems model 430 pcfitide synthesizer (Foster Chy. CA) using phenylacetamidomethyl 
reans and Mnmn^caiboiiyl anuno adds purchased from Applied Bio^stems. The peptide 
is analyzed for homogeneity by Ugh performance liquid chromatography using a CI 8 
|iBondq)ak column \wth a linear gradient of 0-60% acetonitrile in 0.1% trifluoroacetic acid 

5 and is found to be >85% homogeneous. The peptide is dissolved in PBS (0.15 M NaCl, 
0.01 M sodium phosphate buffer, pH 7.3) and radioiodinated by a modified 
lactoperoxidase-glucose oxidase method (D'Souza, et aL, J. Biol. Chem. 263:3943, 1988 
and Lam, et aL. J. Biol. Chem. 262.941, 1987). Glucose (40 ^g in 80 |i] of 0.2 M sodium 
phosphate, pH 7.4), carrier-free Na"^ I (15 m Ci). and Enzymobead reagent (Bio-Rad. 

10 Hercules, CA) are added to 10-12 mg of the peptides. The iodinated peptide is separated 
from free Na^^^ i by gd filtration on a Bio-Gel P-2 column (Bio-Rad, Hercules. CA). The 
concentration of the labeled peptide is determined by absorfoance at 280 nm using in 
extinction coefficient derived from its amino add composition. • 

15 ii. Platelet Bindi np and Cross-Linldne 

Platdets vt isolated from fresh human blood by differential centrifiigation followed 
by gd filtration on Sepharose 2B in divdent ion-free Tyrode's buffer. pH 7.3, containing 
0.1% bovine serum dbunun. Briefly, platdets are 8u^>ended at 4 x lO^/ml in divalent ion- 

20 giee Tyrod^s-dbumin buffer. Ca^-'' is added to a find concentration of 1 mM. The platdet 
stimuli used are 10 pM ADP, 0.5 umt/ml cc-thrombin, or 100 mM PMA. The radiolabeled 
K16 peptide is added at a concentration of 30 (iM, and binding proceeded for 45 minutes at 
22_C. The primary cross-linking agent is bis(sulfosuccinimidyl)suberate (BS^) (Pierce 
Chemicd Co., Rockford, IL). The cross-linking reactions are terminated after 10 minutes 

25 at 22_C by addition of 10 mM Tris, pH 7.0. The cdl-bound ligand is recovered by 
centrifiigation through 20% sucrose, and the cells are extracted in PBS containing 1% 
Nonidet P-40 and 10 mM AT-ethybndeimide (Sigma, St. Louis, MO). Extracted proteins 
are predpitated with 10% trichloroacetic add, and tiie pellet obtained after centrifiigation is 
washed three times with cold 85% ethanol. 

30 Polyacrylamide gel dectrophoresis is performed in the presence of sodium dodecyl 

sulfate in verticd slab gds in the bufier system of Laemmli {Nature 227:680, 1970). Gels 
of vaiying percentages are used. For initid analysis of cross-linked samples 7.5% gds are 
run under nonreducing conditions. Gds utilized for amino acid sequencing are 10-20% 
gradient gds. Samples in Laemmli sample buffer are treated with 5% 2-mercaptoethanol 

35 for disulfide bond reduction. Analyticd gds are dried, and autoradiograms are devdoped 
witii Kodak X-Omal AR fihns. Molecular wdght is estimated on the basis of 
dectrophoretic mobility rdative to prestained standards obtained from Diversified Biotech. 
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The relative mobility (Rp) is determined by measuriiig the migration of the »2*I-K16-GPnb 
band rdative to the migration of the ovalbunun maricer protein in the same gd. 

5 Example 6 

formulation of the Retroviral Vector 
A. IJietnsg Formulation 

10 

Crude recombinam retrovirus is obtained from a Celligan bioreactor (New 
Brunswick, New Brunswick, NJ) containing DA cells transformed with the recombinant 
retrovirus (U.S.S.N. 07/395,932) bound to the beads of the bioreactor matrix. The ceDs 
release the recombinant retrovirus into the growth media that is passed over the cells in a 

15 continuous flow process. The media exiting the bioreactor is collected and passed initially 
through a 0.8 micron filter then through a 0.65 micron fiker to clarify the crude 
recombinant retroinius. The filtrate is c on ce n tr at ed utilizing a ooss flow concentrating 
system (Fihron, Boston, MA). Approximately 50 units of DNase (Intergen. New York, 
NY) per ml of concentrate is added to digest exogenous DNA. The digest is diafiltrated 

20 using the same cross flow system to 150 niM NaCl, 25 mM tromethamine, pH 7.2. The 
diafiltrate is loaded onto a Sephadex S-500 gel cohmm (Pharmacia, Piscataway, NJ), 
equilibrated in 50 mM NaCl, 25 mM tromethamine, pH 7.4. The purified recombinant 
retrovirus is eluted fi-om the Sephadex S-500 gd column in 50mM NaCl. 25 mM 
tromethamine, pH 7.4. 

25 The formulation buflFer containing laaose was prepared at a 2x concentrated stock 

solution. The formulation buflfer contains 25 mM tromethamine, 70 mM NaCl, 2 mg/ml 
arginine, 10 mg/ml human serum albumin (HSA), and 100 mg/ml lactose in a final volume 
of 100 mis at a pH 7.4. 

The purified recombinant retrovirus is formulated by adding one part 2x lactose 

30 fomulation buffer to one part S-500 purified recombinant retrovirus. The formulated 
recombinant retrovirus can be stored at -IQK. to -800C or dried. 

The formulated retrovirus is lyoplulized in an Edwards Refrigerated Chamber 
(3 Shdf RC3S unit) attached to a Supeimodulyo 12K fireeze dryer (Edwards High 
Vacuum, Tonawanda, NY). When tiie freeze drying cyde is completed, the vials are 

35 stoppered under a vacuum foUowing a sUght nitrogen gas bleeding. Upon removal, vials 
are crimped with ahinunum seals. 
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In the given lactose study, fonnulated Uquid product was stored at both -80«>C and 
at -206C cyclii« freezer. In Figure 20. viral infcctivity of these samples were compared to 
the viral infoctivity of lyopMBzed samples. The lyopMliied samples were stored at -200C, 
refrigerator temperature and room temperature. Activity of the samples upon 

5 reeonstitution are determined by titer assay. 

The lyoplufized recombinant retnnoius is reconstituted with 1.0 ml water. The 
infectivity of the reconstituted recombinant retrovirus is determined by a titer activity assay. 
The assay is conducted on HT 1080 fibroblasts or 3T3 mouse fibroblast ceU line (ATCC 
CCL 163). Specifically, 1 .0 x 10* cells are plated onto 6 cm plates and incubated overnight 

10 at 37»C, 10% CO2. Ten microUters of a dilution series of reconstituted recombinant 
retroviruses arc added to the ceUs in the presence of 4 jig/mL polybrene (Sigma. St. Louis. 
MO) and incubated oveniight at 370C, 10% CO2. Following incubation, ceUs that have 
been transduced with a recombinant vector which encodes the neo resistance gene are 
selected for neomycin resistance in G418 containing media and incubated for 5 days at 

15 370c, 10% CO2. Following initial selection, the cells are re-fed with fresh media 
cont^iing G418 and incubated for 5 to 6 days. After final selection, the ceUs are stained 
with Commassie bhie for colony detection. The titer of the sample is determined from the 
number of colonies, the dilution and the vohime used. 

Figure 20 demonstrates that storage in lyophilized form at -20»C to refirigerator 

20 temperatures retains similar viral activity as a recombinart retrovirus stored in Hquid at -^^ 

to -200c permitting less stringent temperature control during storage. 
B. Mannitol Formulation 

25 The recombinam retrovinis utilized in this example was purified as described in A 

above. 

The formulation buffer containing mannitol was prepared as a 2x concentrated 
stock solution. The formulation buflFer contains 25 mM tromethamine, 35 mM NaCl. 2 
mg/ml arginine. 10 mg/ml HSA and 80 mg/ml mannitol at a final volume of 100 mis at a 
30 pH7.4. 

The purified recombinant retrovinis is fonnulated by adding one part manratol 
formulation buffer to one part S-SOO purified recombinant retrovirus. The formulated 
recombinant retrovirus can be stored at this stage at -700C to -idPC or dried. 

The formulated retrovinis is dried in an Edwanls Refrigerated Chamber (3 Shelf 
35 RC3S unit) attached to a Supermodulyo 12K freeze dryer. When the freeze drying cycle is 
completed, the vials are stoppered under a vacuum foUowing nitrogen gas bleeding to 
700 mbar. Upon removal, vials are crimped with ahiminum seals. 
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In the given manmtol study, fonnulated liquid product was stored at both -80oC and 
at '2QPC m cycling fieezers. The viral infectivity of these samples were compared to the 
viral inftctivity of lyophilized samples. Figure 21. The lyophilized samples were stored at • 
20^, refrigerator temperature and room temperature. Activity of the samples upon 
s reconstitution are detemnneduang the titer assay described in A above. 

Figure 21 demonstrates that storage in lyq)lulized form at -200C to refrigerator 
temperature retains significant viral activity as compared to recombinant retrovirus stored 
in liquid at -SO^C or -lOPC, permitting less stringent temperature conu-ol during storage. 

10 C. Trehalose Fomulation 

The recombinant r^ovirus utilized in this example was purified as described in A 

above. 

The formulation bu£fer containing trehalose was prepared as a 2x concentrated 
15 stock solution. The fomndation buflfer contains 25 inM tromethamine, 70 mM NaCl, 
2.0 mg/ml arginine, 10.0 mg/ml HSA and 100 mg/ml trehalose at a final volume of 100 mis 
at a pH 7.2. 

The purified recomlrinant retrovirus is formubted by adding one part trehalose 
formuhttion buffer to one part S-SOO purified recombinant retrovirus. The formulated 

20 recombinant retrovirus can be stored at this stage at •700C to -800C or dried. 

The formuUted retrovirus is dried in an Edwards Refrigerated Chamber (3 Shelf 
RC3S unit) attached to a Supermodulyo 12K fireere dryer. When the freeze drying cycle is 
completed, the vials are stoppered under a vacuum following nitrogen gas bleeding to 
700 mbar. Upon removal, ^dals are crimped with aluminum seals. 

25 In the given trehalose study, formulated liquid product was stored at both -SO°C 

and at -200C in cycling freezers. The viral infectivity of these samples was compared to the 
viral infectivity of lyophilized samples, Figure 22. The lyophilized samples were stored at - 
20OC, refrigerator temperature and room temperature. Activity of the samples upon 
reconstitution are determined using the titer assay as described in A above. 

30 Figure 22 demonsUates that storage in lyophilized form at -20PC to refrigerator 

temperattjre retains similar viral activity as compared to recombinant retrovirus stored in 
liquid at -800C to -200C permitting less stringent temperahire control during storage. 

Viral infectivity of liquid formulated reconibinant retrovirus samples stored at -80«>C 
was compared to viral infectivity of lyophilized formulated recombinam retrovirus stored at 

35 -2<PC. Initially, a bulk of recombmant retrovinis was received and formulated in four 
different ways as shown below. The formulated recombinant retrovirus was then frozen in 
bulk for 1.5 months subsequent to being quick thawed and fireere dried. Positive controls 
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wne stored at -SO^C for compaiison with lyophUized samples v/hidi v/erc stored at -20K: 
afio-fieeze-diying. The foimulations are listed bdow: 



s 



Formiilatkm 


Siigiir 
Cooceatrmtioo 
(mg/ml) 


Baffor 

(bM 
tromehamlM) 


Sdt 

COBMBtntiOD 

(nMNaO) 


Aiginlnc 
CoDCtatratioa 
(mgM) 


Httinu 
Scrum 
Albnmiii 
ConcciitraciOD 
(mgAnl) 


Mannitol 


40 


25 


2S 


1 


5 




40 


2S 


75 


1 


5 


Sucrose 


SO 


25 


60 


1 


5 


Trehalose 


SO 


2S 


60 


. 1 


5 



In the graphs of Figure 23, the y-axis on each of the 4 graphs (A, B, C. D) represent 
the normalized titer. At an imtial time point after ^lulization. t » 0, a titer value was 
estabfished for both the -^QPC liquid sanqile and the '2CPC lyophilized sample. At each 

10 time point of the stalnlity study, the titer obtained was di^ed by the zero time point titer 
value and the percentage of original entered onto the gn^h. 

The data demonstrates that post-lyphilization activity is maintained in the 
lyophilized sample (stored at -20«»C) relative to the liquid sample (stored at -80oC). The 
formulated lyophilized recombinant retrovirus was stored in a -2(fiC freezer (a frost-free 

15 cycling freezer). Comparison to the formulated liquid recombinant retrovirus stored at - 
800C indicates the lyophilized form permits less stringent control of storage conditions. 

D. Sindbis Formulation 

20 Crude recombinant alphavinis vector is obtained from a Cdligan bioreactor 

containing packaging cells transfected or transduced with the recombinant alpha\arus 
vector, and bound to the beads of the bioreactor matrix. The cdls release the recombinant 
alphavirus vector into the growth media diat is passed over the cells in a continuous flow 
process. The media exiting tiie bioraactor is collected and passed initially tiirough a 0.8 

25 micron filter tiien tiirough a 0.65 micron filter to clarify tiie crude recombinant alphavirus 
vector. The filtrate is concentrated utilizing a cross flow concentrating system. 
Apptonmatdy 50 units of DNase per nd of concentrate is added to digest exogenous 
DNA. The digest is diafiltrated using the same cross flow system to 1 50 mM NaCl, 25 mM 
tromethamine, pH7^. The diafiltrate is loaded onto a Sephadex S-500 gel column. 
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eqiulibrated in SO mM NaCl, 25 noM tromethainuie, pH 7.4. The purified recombinant 
alphavinis vector is eluted fiom the Sephadex S-500 gd column in SO mM NaCl, 25 mM 
tromethamine, pH 7.4. 

The formulation buffer containing lactose is prepared as a 2X concentrated stock 

S solution. The formulation buffer contains 25 mM tromethamine, 70 mM NaCl, 2 mg/ml 
alanine, 10 mg/ml HSA, and 100 mg/ml lactose in a final volume of 100 mis at a pH 7.4. 

The purified recombinant alphaviius vector is fomuilated by adding one part 2X 
lactose formulation buffer to one part S>SOO purified recombinant alphavirus vector. The 
formulated recombinant alphavirus vector can be stored at -70'C to -SO'C or dried. 

10 The formulated alphavirus vector is lyophilized in an Edwards Refrigerated 

Chamber (3 Shelf RC3S unit) attached to a Supennoduiyo 12K freeze dryer. When the 
freeze drying cycle is completed, the vials are stoiq)ered under a vacuum following a slight 
nitrogen gas bleeding. Upon removal, vials are crimped with aluminum seals. The 
lyophilized recombinant retrovirus is reconstituted with 1.0 ml water or other 

IS phynologically acceptable dOuent. 



20 

Administnition Protocols 

A. Mice 

2s i. Administratio n of Recombinant Retroviral Vector Transduced Cells 

a. Determination of the EflFect of Ganciclovir on CT26 with or without TK-3 

Colon tumor ceUs (CT 26) (Brattain. Baylor CoUege of Mediine, Houston, TX) are 
30 transduced with DA/IX-3, a G-pseudotyped TK-3 vector. Twenty-four hours after adding 
the viral supernatant, the CT26 ceUs are placed under G-418 selection (4S0 ng/ml). After 
10 days incubation, a G-418 selected pool is obtained and designated CT26 TKneo. 
(CT26 TKneo), CT26 JKneo cells were seeded iirto sbc 10 cn^ plates at a density of 2.5 X 
106 per plate. As contrasts, each of two other ceD types. CT26 and CT26 p-galactosidase, 
35 (^gal ), (this cell line was transduced with a virus canying the reporter gene p-gal fi-om 
E. coli.X were also seeded into sbc 10 cm^ plates as controls. Five plates of each cell type 
were treated twice per day for four consecutive days with medium containing ganciclovir 
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concentrations of 100 ng/ml, 50 ng^ml. 25 ng/ml. 12.5 ^ig/ml and 6.25 ng/ml. One plate of 
eadi cell type was left untreated. Afterwards, the cells vt&c removed from eadi dish using 
tiypsinedta. lesuspended in DMEM with 10% FBS and counted. The data in Figure 24 
shows that even the lowest dose of ganddovir had a dramatic cytotoxic eflfect on the CT26 
5 TKneo cells. This dose of ganddovir (6.25 ^g/ml) or even the next higher dose (12.5 
^g/ml) did not have an eflFect on either the CT26 or CT26 p-gal ceUs. However, 
beginning at a ganddovir dose of 25 jig/ml, a dose-dependent decrease in cell growth 
could be seen, although CT26 TK mo cells were ahvays more sensitive to the drug. 

10 b. netermination nf a Gimddovir Dose for the Treatment of Mice 

Tf^f ected with CT26 TKneo Cells 

In Older to test whether in vivo transduction of a murine tumor could be used to 
treat the disease, an experiment was performed to determine the optimal concentration of 

15 ganddow necessary to diminate a tumor that was transduced and sdected in vitro to 
assure 100% transduction. Twdve groups of 3 Balb/c (Harian Spague Dawley, 
IndianapoUs, IN) mice each are injected witii 2.0 X 10* CT26 TKneo cells. Six groups of 
mice are injected with these ceUs intraperitoneally (I.P.) and six groups of mice are injected 
subcutaneously (S.C.). Two other groups of 3 mice each are injected with 2.0 X 10^ 

20 unmodified CT26 cdls (as a control) either LP. or S.C.. 

Ten days after tiie injection of tiie CT26 or CT26 TKneo ceUs into these groups of 
mice, several concentrations of ganddovir treatment are initiated. Each dose regimen 
consists of 2 daily AM and PM LP. injections of ganddovir. The experiment is 
summarized in Table A bdow. 

25 
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TABLEA 



Group 


Innoculnm 


Injection Route 


Concentration of Ganciclovir 
rni«/K£) 


1 


cr26 


IP. 


0 


2 


CT26TKIKO 


IP. 


0 


3 


CT26TKneo 


LP. 


15.63 


4 


CTlSTKneo 


IP. 


31.25 


5 


CT26TKneo 


IP. 


32.5 


6 


CT26TI0ieo 


IP. 


125.0 


7 


CnSTKneo 


IP. 


250.0 


8 


CneTKneo 


IP. 


500.0 


9 


CT26 


S.C. 


0 


10 


CT26nOieo 


S.C. 


0 


11 


CT26TKWO 


S.C. 


15.63 


12 


CT26 nOieo 


S.C. 


31.25 


13 


CT26 TKneo 


sc. 


62.5 


14 


CT26TKWO 


sc. 


125.0 


15 


CT26TIOieo 


sc. 


250.0 


16 


CT26 TKneo 


S.C. 


500.0 



After 5 days, all of the mice in the 125 mgOCg, 250 mg/Kg and 500 mg/Kg treated 
groups were dead due to the toxic effects of ganddovir. Mice in the 15.63 mg^g, 31.25 
mg/Kg and 62.5 mg/Kg treated groups were treated for an additional 7 days and were able 

5 to tolerate the treatment. Tumor measurements were made for 23 days (Figure 25). 
CT26TK two grew only slightly slower than unmodified CT26. Complete tumor regression 
was seen in the groups of mice treated with the 62.5 mg/Kg regimen. Partial tumor 
regression was seen in the 31.25 mg/Kg treated groups. Little or no effect was seen in the 
15.63 mg/Kg treated groups as conqured to the 2 untreated control groups. Even though 

10 there was some toxidty observed in the 62.5 mg/Kg groups, it was not life threatening and 
reversible upon the discontinuation of the treatments so this concentration was used for 
fiiture studies (Figure 25). After 24 days, the LP. injected animals were sacrificed and 
evaluated. As seen in Figures 26 and 27 the optimal concentration for anti-tumor effect 
was amilar whether the tumor was grown LP. or S.C. 

IS 
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ii. Administnrtifm of G«ie DdivefV Vehides 

a. Tranamisaon and Expression of Vector Encoded Genes in Tissue 
Culture 

s 

The transmission and expresaon of the spedfic vector encoded genes is tested by 
transduction of tissue culture cdls, followed by testing of expression in these cells. 10^ 
HT1080 cells ( a hunum fibrosarcoma line) or other appropriate cells (e.g. other human 
tumor derived lines such as MCF-7, a breast tumor derived cdl line; primary human 

10 endothdial cells, HUVEC; mouse tumor cdl fines such as the colon tumor tine CT26, the 
fibrosarcoma line L33, the melanoma cell tine B16. the breast tumor cdl tine Tg-6-2, the 
neuroblastoma cdl tine C1300; mouse endothdial cdls or cdl lines such as the SVEC cell 
tine in a 10 cm dish are treated whh the gene ddiveiy vector at a multiplidty of cell 
transduction units ie.g. colony fonniog uiut») of 1-10. After 2-6 days the cdls are harvested 

IS and the appropriate assays used to test for expression of the transferred gene. If 
appropriate antibodies are avaflable, assays described in Examples 4A and 4B can be used. 
Examples of spedfic acti^ty assays are given for Tissue Factor (Example SA), general 
antiangiogenic factors (Example 5B), Herpes thymidine kinase (Example 5D), folate- 
imegrin B3 (Example SE). 

20 

b. Administration to Animals and Detection of Activity and BlolOMCal 
Effects 

The major issues in the use of the invention is to actueve suffident expression of the 
25 novel effector protein such as the Russd viper venom protein, tissue fiictor, prodrug 
activating enzyme, or metabolism altering protein such as uncase, in the tumor or the 
peritumoral vascular system, without having unacceptable toxic effects due to significant 
expression elsewhere. 

The following mouse models are used to assess this: BalB/c nuce plus the L33 or 
30 CT26 cdl tines; C57B/6 plus B16 cdlsO^VB/N phis TG-6-2 cdls; C3H mice plus C1300 or 
SVEC ceUs; BalB/c nuAni mice plus any of these, or plus human tumors such as the 
melanoma lines DM2S2. DM 6. DM92 (see U.S.S.N. 08/032846) or MCF-7 cdls. 

Tumor cdls are injected at an appropriate dose (typically 2 x 10* cells) dther 
subcutaneously. I.V. for the B16 lung metastases modd, or intra-splenicaUy for the CT26 
35 tiver metastases modd. Groups (1-10 mice) of the ii^ected mice are maintained until 
palpable tumors (1-4 mm in diameter) are apparent for subcutaneous tumors, or for the 
length of time that leads to easily detectable metastases, upon necropsy, in the metastases 
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models. This is typically 7 to 14 days. At this time the tumor vascularization can be 
visualized using the tedimques in Example SC and various routes of administration 
examined to determine the one that ffvts best flow into the tumors. 

The vector preparations are injected at the previously determined I.V. or 

5 peritumoral site at doses of 10^, 10^. 10''. 10*, 10^, 10^, or lOll vector units (e.g. colony 
forming units, cfii) with or without transduction enhancers such as polybrene (1-8 Mg/ml) 
or DEAE dexran (2 - 30 ^g/ml). Injections are ^ven daily for 1, 2, 3, 4, 5, 6, or 7 days, 
and 2 to 7 days aflar the last injection^ the tumors are excised and assayed for acquisition of 
the activity of the delivered gene (sec, for example, Example 4C, 4D, and Example 5) 

10 Controls are mice injected with an irrelevant, inert vector (e.g. encoding human gamma 
interferon vdiich is inactive in nuce). The vector oicodes genes of the types described in 
the detailed description and in the case of a retroviial vector carries a non-spedfic envelope 
such as the amphotropic or xenotropic envelopes* and relies on the paucity of replicating 
cells in the general vascular endothelium, and the ovo'-representation of such replicating 

15 cdls in sites of neovascularization such as tumors. Akemattvely the vector carries an 
appropriate targeting Ugand that avoids non-spedfic adsorption, and allows binding and 
entiy into the target cell type. The spedfidty of the system may also be controlled by the 
inclusion of appropriate expression control elements 

The same administration protocols or a smaller number chosen on the bases of the 

20 above experiments or other criteria, are used to measure the antitumor effect in these 
mouse models. The endpoints are tumor size and growth/regression over time, time to 
death, survival, or other appropriate marker (e.g. number of metastases in those models). 

25 C. Admimstrarion to Humans 

Patients are treated with the same vectors as the mouse models or the same nucleic 
acid backbone carried in a vector that is re^stant to human complement (see, for example, 
the companion application "Production and Administration of High Titer Recombinant 

30 Retroviruses") Patients with tumor masses that are not removable surgically (e.g. brain, 
prostate, cervical, ovarian, bladder), for which removal requires simultaneous removal of 
large amounts of irreplaceable healthy tissue (e.g. amputation of limbs or removal of whole 
organs), or where metastasis may have taken place (e.g. colon metastasis to the liver, 
melanoma metastasis to the brain, other subcutaneous sites and the lung), can be treated. 

35 Patients recdve doses of 10^, 10^ 10», 10', 10^0 iqH vector units I.V., intra- 

arterially, in the local vasculature or peritumorally in a volume of 0.1 to 3 ml preferably. 
The veaor carries a gene that encodes a dotting enhancer or other gene chosen from the 
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types desoibed above. If the gene is one that converts a non-toxic precursor (prodrug) into 
a toxic product , the prodrug is administered at doses defined in the Physicians Desk 
Reference or those predicted from animal esqjeiiments at times of between 1 to 30 days 
after the last administration of vector. 
S The vectors are administered from 1 to 20 times at intervals of 1 to 15 days and the 

padent status is monitored by following normal clinical parameters and monitoring tumor 
M7 ffff by radiography, mri scans, pet scans or other conventional means 

10 Example 8 

Taiyetiny Recombinant Retrtivifal Vcetnr to Mdanoma Cells 

The following example describes the use of the coupled targeting element Ab-biotin 
IS to target the coupled retroviral vector partide-svidin to a specific ceU type. Generally, 
biotinylated melanocyte stimulating hormone (MSH) is first injected into the patient. After 
a period of time (up to 3 days) after wbkh non-specific binding has decayed and only 
specific ligand complexes renuin, a vector expressing avidin on its surface is tnjeaed. The 
high afSnity of avidin for biotin focuses the vector to the target tissue. 
20 Briefly, melanocyte-stimulating hormone (MSH) is a 13 amino acid peptide that is 

specifically recognized by a receptor on melanocytes. MSH has a receptor afiinity (Ko) in 
the range of 10-*M. 

A. rnnstniction of an Expression Cassette Backbone. pH CMV-PA 

25 

A vector is first created in order to form the backbone for both the gag/pol and 
erav expression cassettes. Briefly, pBluescript SK* phagenud (Stratagene, San Diego, CA, 
GenBank accession number 52324, referred to as "SK"") is digested with Spe I and blunt 
ended with Klenow. A blunt end Dra I fragmem of SV40 (Fiers, et ai. Nature 273:1X2- 

30 120, 1978) from Dra I (bp 2,366) to Dra I (bp 2,729) is then inserted into SK', and a 
construct isolated in which the SV40 late pofyadenylation agnal is oriented opposite to the 
LacZgeneofSK*. TWs constiuct is deagnated SK-SV40A. 

A human cytomegalovirus nuyor immediate eariy promoter (HCMV-MIE; Boshart, 
et ai. Cell ^7:521-530. 1985) (Hinc II, bp 140 to EagI, bp 814) is isolated after digestion 

35 with Hinc n and Eag I, and the Eag I ate blunt ended. The 674 blunt ended fi^gment is 
ligated into SK-SV40A. The final construct, designated pHCMV-PA is then isolated {see 
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Figure 28). This constiuct contains the HCMV promoter oriented in opposite orientation 
to the l ar^ gene, and upstream from the late polyadenylation ugnal of SV40. 

B. rnnstniction of pCMV-env«» 

5 

pC»4V-env«» is created hy insoting the Xba I-Nhe I fragment of MoMLV (bp 
5,766 through bp 7,845 of MoMLV) imo pCMV-PA (Example 2A) expression vector. 
Briefly the Xba I-Nhe I envelope fragment is isolated from pMLV-K (Miller et al.. J. Vir. 
¥9:214, 1988) on an agarose gel. The fragment is then blunt-ended with T4 polymerase 
10 using standard methods, ligated into pCMV-PA (Example 2), and digested at the Eco RV 
and Sma I sites. The product in the correct orientation has a CMV MBE promoter followed 
by the compile ecotropic envelope coding sequence and an SV40 polyadenylation signal. 



IS 



20 



C. Creation of A vidin-Envelope Chimera 

A portion of avidin DNA (sequence #27. GenBank # CHKAVR) from bp 1 16 
through bp 499 is incorporated into the MoMLV ecotropic envelope construct 
pCMV-env^. Briefly, the following ongonucleotide u generated as follows: 



(Sequence ID No.: 51) 



5'-GCT AGA ATA TCA AGO GAG AAA GTG CTC GCT GAC TGG GAA ATG 
GAG GAA CGA TGT GGG GTG GAA GAT GAG GAT GGG GGC TGT GAA 
25 GAG GAG AGG TGA ATT GAG GGT GGG GAG AGA GAA GGA GGG GTG 

CAA GAC-3* 

The oligonucleotide is used to modify single stranded pCMV-env«» by the method of 
Kunkle {PNAS 82A%%, 1985). TWs modification replaces a portion of the variable A 
30 region of envelope (Battini, et al., J, ViroL 66: 1468-1475, 1992) with the sequence of the 
oligonucleotide. The product is then digested with EcoRl and partially digested with Fsp 
I. The Eco RI-Fsp I fragment of avidin (bp 198 through bp 485) is ligated into the vector. 
The final product is a plasmid containing CMV promoter, hybrid eco-avidin envelope and 
S V40 polyadenylation signal. caUed pCMV-env«»««*n. 

35 
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D. WntiiivtaiedMSH 

The MSH peptide S-Y-S-M-E-H-F-R-W-G-L-P-V-NHi is synthesized (Chiron 
Corp., EmeryviUe, CA), and biotinylated with NHS-Biotin (Kerce, Rockford. IL) 
5 acconfing to the manufiBicturer's instructions. 

E. rwmeration of M «.rlf«- Recombinant Retroviral Vector DjsplftYinB Avidin 

The ^-galactosidase encoding marker recondnnant retroviral vector, CBB-gal is 
10 cotransfected into cell line 293 2-3 {see U.S.S.N. 07/800.921) along with pCMV-env«»- 
avidin. Alternatively, equivalent vectors encoding ludferase, green fluorescent protein 
(GFP) or other markers can be used. Clones are selected (with G418) and screened for 
high production of RNA containing particles and screened for surface expression of avidin 
using 3H-biotin binding. Vector particles containing avidin are tested utilizing J^C-biotin 
15 (Amersham. Chicago, IL) and a sucrose gradient. 



F. fa irffro Targeting 

Human melanoma cells, DM252. DM6. DM92 arc grown in appropriate medium. 
20 The specificity of biotinylated MSH binding to target ceUs is tested by addition of avidin- 
fluorescein and fluorescence microscopy. Transduction of eco-avidin CBB-gal is tested 
either by staining or by G418 selection (see U.S.S.N. 08/032,846). and the efficiency of 
tranduction compared to non-melanoma ceUs such as Hri080 human fibrosarcoma cells. 



2S G. fa vivo Targeting 

Nude mice are implanted with one or more of the following human melanoma cell 
lines: DM252. DM6. DM92 (^ee U.S.S.N. 08/032,846) in the peritoneal cavity. Targeting 
is determined by first injecting biotin-MSH into the mouse. foUowed by injection of 1 x lO^ 

30 to 1 X 10* cfu eco-avidin CB B-gal recombinant retroviral vectors. Targeting is assessed by 
subsequently dissecting the melanoma tissue, and staining for B-gal, or assaying for 
luciferase activity in the ihelanoma and mouse tissue. As a control, the same vectors 
encapsidated in the pCMV-enveco transfection of 293-2-3 cells, and with no added 
envelope plasnuds. are injected into mice in paraUel. and the tissues of these mice are 

3S assayed. 
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H. fa vivo Taftteting ■ Humans 

The data generated in the mouse system is used to determine the protocol for 
administration in patients. The patients recdve three to twenty doses of vector encoding 
5 the deared gene LP., I.V., inter-arterial (I.A.), or into the lymphatic system. The dosage 
will range from about 1.0 x 10* to about 1.0 x 10^ du of the gene delivefy vehicle given 

I. v., I.A., LP., or into the ^phatics. 



wo 96/21416 



PCT/US95/I6855 



-109- 



SEQUENCE LISTING 



(1) GENERAL INFORAfAHON: 



(i)APPUCANT: CHIRON VIAGENE INC. 



(ii) TITLE OF INVENTION: MEIHODS AND COMFOSniQNS FOR "niEATMErn* OF 

SOUD TUMORS JV 



(iu) NUMBER OF SEQUENCES: 42 



(iv) CORRESPONDENCE ADDRESS: 

(A) ADDRESSEE: Chiron Viageoe, Inc. 

(B) STREET: Intellectual Propeity • P.O. Box 8097 

(C) CrrV: Emeryville 

(D) STATE: Califoraia 

(E) COUNTRY: U.S.A. 

(F) ZIP: 94662-8097 



(v) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy disk 

(B) COMPUTER: IBM PC compatible 

(C) OPERATING SYSTEM: PC-DOS/MS-DOS 

(D) SOFTWARE: Pateotln Release #1.0. Veisioo #1.25 

(vi) CURRENT APPLICATION DATA: 

(A) APPLICATION NUMBER: PCT - Unassigend 

(B) FILING DATE: Even Date Herewith 

(C) CLASSIFICATION: 

(viii) ATTORNEY/AGENT INFORMATION: 

(A) NAME: Kruse, Norman J. 

(B) REGISTRATION NUMBER: 35,235 

(C) REFERENCE/DOCKET NUMBER: 1154.100 

(ix) TELECOMMUNICATION INFORMATION: 

(A) TELEPHONE: (510) 601-3520 

(B) TELEFAX: (5 10) 655-3542 
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(2) INFORMATION FOR SEQ ID N0:1: 

CO SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 42 base pain 

(B) TYPE: nucleic add 

(C) STRANDEDNESS: singk 

(D) T0P0L0C3Y:liiiear 

(u) MOLECULE TYPE: cDNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:1: 
TCGAGCGCTATGCATGnTAAACGCGTGCGGCCGCACGTGAT 42 
(2) INFORMATION FOR SEQ ID N0:2: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 41 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(u) MOLECULE TYPE: cDNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:2: 
CGATCACGTG CGGCCGCACG CGITTAAACA TGCATAGCG C 4 1 

(2) INFORMATION FOR SEQ ID N0:3: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 24 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:3: 
GAGAGATGGGGGAGGCTAACTGAG 24 
(2) INFORMATION FOR SEQ ID N0:4: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 28 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 



W09«ai416 



PCTAIS9S/168SS 



-111- 



(xi) SEQUENCE DESCRIPTION: SEQ ID N0:4: 
GATCCTCAGTTAGCCrCCCCCATCTCTC 28 
(2) INFORMATION FOR SEQ ID NO*J: 

0) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 42 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: sii«le 

(D) TOPOLOGY: Unear 

(u) MOLECULE TYPE: cDNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:5: 
TATATTCTAG AlTl 1 1 I ' l l 1 rri l l l 1 1 1 1 ITI II IGAAA TO 42 
(2) INFORMATION FOR SEQ ID N0:6: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 48 base pain 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:6: 
TATATGGGCC CGATTTAGGT GACACTATAG ATTOACGGCG TAGTACAC 48 
(2) INFORMATION FOR SEQ ID N0:7: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 23 base pairs 

(B) TYPE: nucleic add 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(u) MOLECULE TYPE: cDNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:7: 
CTGGCAACCGGTAAGTACGATAC 23 
(2) INFORMATION FOR SEQ ID N0:«: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 21 base pain 
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(B) TYPE: nudeic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: timr 

Cu) MOLECULE TYPE: cDNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:8: 
ATACTAGCCA CGGCCGGTAT C 
(2) INFORMATION FOR SEQ ID N0:9: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 21 base pain 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:9: 
TCCTCTTTCG ACGTGTCGAG C 
(2) INFORMATION FOR SEQ ID NO: 10: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 21 base pain 

(B) TYPE: nucleic add 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:10 
ACCTTGGAGC GCAATGTCCT G 
(2) INFORMATION FOR SEQ ID N0:11: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 21 base pairs 

(B) TYPE: nucleic add 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(u) MOLECULE TYPE: cDNA 
(2) INFORMATION FOR SEQ ID N0:1 1: 

ccnrrcAGG ggatccocca c 
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(2) INFORMATION FOR SEQ ID N0:12: 

0) SEQUENCE CHARACIERISnCS: 

(A) LENGm 21 base pain 

(B) TYPE: nucleic add 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TSTPE: cDNA 
(xi) SEQUENCE DESCRIPTION: SEQ ID N0:12: 
GTGGCGGATC CCCTGAAAAG G 

(2) INFORMATION FOR SEQIDN0:13: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYPE: nudeic add 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 13: 
TGGGCCGTGT GGTCGTCATG 
(2) INFORMATION FOR SEQ ID NO: 14: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 21 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 14: 
TGGGTCTTCA ACTCACCGGA C 
(2) INFORMATION FOR SEQ ID N0:15: 

(I) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 22 base pairs 

(B) TYPE: nuddc add 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 
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(u) MOLECULE TYPE: cDNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:1S: 
CAATTCGACGTACGCCTCACTC 22 
(2) INFORMATION FOR SEQ ID N0:16: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 22 base pairs 

(B) TYPE: nuddc add 

(C) STRANDEDNESS: siitgle 

(D) TOPOLOGY: linear 

(u) MOLECULE TYPE: cDNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 16: 
GAGTGAGGCGTACGTCGAATTG 22 
(2) INFORMATION FOR SEQ ID N0:17: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 33 base pairs 

(B) TYPE: Quddc add 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 17: 
TATATAGATCTAATGAAAGACCCCACCTGTAGG 33 
(2) INFORMATION FOR SEQ ID N0:18: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH; 40 base pairs 

(B) TYPE: nudeic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TVPE: cDNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 18: 
TCAATCCCCGAGTGAGGGGTTGTGGGCTCTTTTATreAGC 4C 
(2) INFORMATION FOR SEQ ID NO: 19: 

(i) SEQUENCE CHARACTERISTICS: 
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(A) LENGTH: 35 base pairs 

(B) TYPE: nucleic add 

(C) STRANDEDNESS: single 
(P) TOPOLOGY: linear 

Cii) MOLECULE T)fPE: cDNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 19: 
CCACAACCCC TCACTCGGGG ATTGACGGCG TAGTAC 
(2) INFORMATION FOR SEQ ID NO:20: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 23 base pairs 

(B) TYPE: nucleic add 

(C) STRANDEDNESS: single 
(P) TOPOLOGY: linear 

Cii) MOLECULE TYPE: cDNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:20: 
CTGGCAACCG GTAAGTACGA TAC 
(2) INFORMATION FOR SEQ ID N0:21: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 33 base pain 

(B) TYPE: nuddc add 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:21: 
TATATAGATC TAATGAAAGA CCCCACCTGT AGG 
(2) INFORMATION FOR SEQ ID NO;22: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 22 base pairs 

(B) TYPE: nuddc add 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:22: 
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GGTAACAAGA TCTCGTGCCG TG 22 
(2) INFORMATION FOR SEQ ID NO:23: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 47 base pain 

(B) TyPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

Cu) MOLECULE TYPE: cDNA 

(xi) SEQUENCE DESCRIPTION: SEQ IDNO:23: 
TATATGCGGC CG Ci riCl l ' l TATTAATCAA CAAAATTTTG TTTTTAA 47 
(2) INFORMATION FOR SEQ ID NO:24: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 48 base pain 

(B) TYPE: nudetc add 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:24: 
TATATCAGCT CTl ' l 1 i 1 1 1 1 ITl 1 11111111111 IG AAA TGTTAAAA 48 
(2) INFORMATION FOR SEQ ID NO:25: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 34 base pain 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:25: 
TATATCTCGAGGGTGGTGTTGTAGTATTAGTCAG 34 
(2) INFORMATION FOR SEQ ID NO:26: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 41 base pain 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 
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Cii) MOLECULE TYPE: cDNA 
(xi) SEQUENCE DESdOPTlON: SEQ ID NO:26: 
TATATOCOGC CGCrCTAGATTACAATTTOG ACmCCGCC C 
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(2) INFORMATION FOR SEQ ID NO:27: 
0) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 32 base pairs 

(B) TYPE: nudetc add 

(C) STRANDEDNESS: siqgle 

(D) TOPOLOGY: linear 

(u) MOLECULE TY?E: cDNA 

(m) SEQUENCE DESCRIPTION: SEQ ID NO:27: 
TCGAGCACGT GTTTAAACGC GTGATCAGGC CT 
(2) INFORMATION FOR SEQ ID NO:28: 

(D SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 32 base pairs 

(B) TYPE: nuddc add 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(u) MOLECULE TYPE: dDNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:28: 
CTAGAGGCCT GATCACGCGT TTAAACACGT GC 
(2) INFORMATION FOR SEQ ID NO:29: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 14 base pairs 

(B) TYPE: nuddc add 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:29: 
CGGCGCGCCG AGCT 
(2) INFORMATION FOR SEQ ID NO:30: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGIH: 44 base pairs 

(B) TYPE: nuddc acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(u) MOLECULE TYPE: cDNA 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO:30: 
CGCGCGGGCC CTGTGACATT GAATAOAGTG AGGGTCCTGT TGGG 
(2) INFORMATION FOR SEQ ID N0:31: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 45 t>ase pain 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: siqgle 

(D) TOPOLOGY: linear 

(u) MOLECULE TYPE: cDNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:31: 
AAAGGTTTCA CATTTGTAGC TTGCTGTGTC ATTGCGATCT CTACG 
(2) INFORMATION FOR SEQ ID NO:32: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGm 45 base pairs 

(B) TYPE: nucleic add 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(u) MOLECULE TYPE: cDNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID N032: 
GTGGTCCTAA ATAGTTCACT CTATTCAATG TCACACTCGA GCCGG 
(2) INFORMATION FOR SEQ ID NO:33: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 38 base pairs 

(B) TYPE: nucleic add 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:33: 
TATATGTITA AACCCGCCAA CTGGTAGACA TGGAGACC 
(2) INFORMATION FOR SEQ ID N034: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 38 base pairs 

(B) TYPE: nuddc add 
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(C) STRANDEDNESS: sii«le 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:34: 
ATATAGnTAAACTCCAACAGTGCTrCCTTTATGAAAC 38 
(2) INFORMATION FOR SEQ ID N0:3S: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 38 base pain 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:3S: 
TATATGTTTAAACCACCAGAGAACCCACCATGGCCCCC 38 
(2) INFORMATION FOR SEQ ID NO:36: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 38 base pairs 

(B) TYPE: nucleic add 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(u) MOLECULE TYPE: cDNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:36: 
ATATAGTTTA AACCCACTCC GGGCAGGATT CAGGCTAT 38 
(2) INFORMATION FOR SEQ ID NO:37: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 40 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(u) MOLECULE TYPE: cDNA 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:37: 
GGTCiGAGGTGGAAGCGCTCAGCGGATGACAACACAGCTGC 40 
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(2) INFORMATION FOR SEQ ID N0-J8: 

(9 SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 38 base pain 

(B) TYPE: tuidetc add 

(Q STRANDEDNESS: flii«le 
(D) TOPOLOGY: linear 

(u) MOLECULE TYPE: cDNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:38: 
ATATAGTTTA AACAGGTAAA AGGAGCTCAG CTGAGCAG 
(2) INFORMATION FOR SEQ ID NO:39: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 45 base pairs 

(B) TYPE: nucleic add 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:39: 

TATATXHTTA AACCACCATG GTCAGTCCCC AGAGOATTGC ACTCC 
(2) INFORMATION FOR SEQ ID NO:40: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 45 base pairs 

(B) TYPE: nudac add 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ti) MOLECULE TYPE: d)NA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:40: 
TGAGCGCITC CACCTCCACC GAGCmCGC ATCTGGGTGG CCTGC 
(2) INFORMATION FOR SEQ ID N0:4I: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 38 base pairs 

(B) TYPE: oucldc add 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(u) MOLECULE TYPE: cDNA 
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(xi) SEQUENCE DESCRIPTION: SEQ ID N0:41: 
TATATGTTrAAACAGACATGGCTCAOCGGATGACAACA 38 



(2) INFORMATION FOR SEQ ID NO:42: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 46 base {hus 

(B) TYPE: nucleic add 

(C) STRANDEDNESS: siagle 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:42: 
TGCAATCCTC TGGGGACTGA CCCTCGCCAC CTCCTCATTG GGGTTG 46 



(2) INFORMATION FOR SEQ ID NO:43: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 25 base pain 

(B) TYPE: nucletc add 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:43: 
GTCAGTCCCC AGAGGATTGC ACTCC 



(2) INFORMATION FOR SEQ ID NO:44: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 131 base pairs 

(B) TYPE: nuddc acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:44: 

ATATAGTTTA AACTCAGCTG AGCAGCCACA GCAGCATTAG 
GGCCAGGCTA AGCAGGAAAG GCCAGGCTGC CCAGGGCCCA 
GCCCCACTCA TGGCTGCAGC ATAGAAGAGC TTTCGCATCT 
GGGTGGCCAGC 
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(2) INFORMATION FOR SEQ ID NO:45: 

0) SEQUENCE CHARACTERISTICS: 

(A) LENGIH: 28 base pain 

(B) TYPE: nucleic add 

(C) STRANDEDNESS: siqgle 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:45: 
TATATACGCG TCCCCCCCCC CCCCAACG 



(2) INFORMATION FOR SEQ ID NO:46: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGIH: 34 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(n) MOLECULE TYPE: cDNA 
(xi) SEQUENCE DESCRIPTION: SEQ IDNO:46: 
TATATACGCG TCITACAATC GTGGTnTCA AAGG 



(2) INFORMATION FOR SEQ ID NO:47: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 30 base pairs 

(B) TYPE: nucleic add 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:47: 
TATATCCGGC CGCATGCAGA TGTCTCCAGC 
(2) INFORMATION FOR SEQ ID NO:48: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 3 1 base pairs 

(B) TYPE: nuddc add 

(Q STRANDEDNESS: single 
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(D) TOPOLOGY: linear 
(u) MOLECULE TYPE: cDNA 
(xO SEQUENCE DESCRIP110N: SEQ ID NO:48: 
TATATGCGGC CGCCCCAAGG TAGTGAACCG G 3 1 



(2) INFORMATION FOR SEQ ID NO:49: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 47 base pain 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: siAgle 

(D) TOPOLOGY: linear 

Cii) MOLECULE TfVE: cDNA 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:49: 
TATATGCGGC CGCACCACCA CCATGAATAG AGGATTCTTT AACATGC 47 



(2) INFORMATION FOR SEQ ID NO: SO 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 34base pairs 

(B) TYPE: nucleic add 

(C) STRANDEDNESS: siqgle 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:S0: 
TATATGCGGC CGCTCATCTT CGTGTGCTAG TCAG 34 



(xi) SEQUENCE DESCRIPTION: SEQ ID N0:S1: 



(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 132 base pairs 

(B) TYPE: nucleic add 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(U) MOLECULE TYPE: cDNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:S1: 
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GCTAGAATAT CAAOCCAGAA AOTCSCTCGCT GACTGGGAAA 
TGGACCAACG ATCTGGGCTC CAACATGACC ATCGGGGCTG 
TGAACAGCAG AGGTGAATTC ACCCTGCGCA CACAGAAGGA 
GCGGTGCAACAC 
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We claim: 

1. A method of killing tumor cells in vivo, comprising transducing cells in or 
adjacent to a tumor with a gene delivery vehicle containing a nucleic acid molecule 
encoding for a polypeptide capable of stimulating blood clot fonnation in or adjacent to the 
tumor. 

2. A method of inhibiting tumor an^ogenesis in vivo, compri^ng transducing 
cells in or adjacent to the tumor with a gene delivery vehicle that comprises a nucleic acid 
molecule encoding for a polypeptide capable of inhibiting vascularization of the tumor. 

3. A method of killing tumor cells in vivo, comprising: 

(a) transducing ceUs of a blood vessel in or adjacent to an arterial side of a 
tumor with a gene delivery vehicle that comprises a nucleic acid molecule encoding a 
polypeptide capable of activating a non-cytotoxic agent to a cytotoxic agent; and 

(b) administering to the animal a non-cytotoxic agent capable of being 
activated by the polypeptide into a cytotoxic agent. 

4. A method of depriving tumor cells in vivo of nutrients, comprising 
transducing cells in or adjacent to a blood vessel in a tumor with a gene delivery vehicle 
comprising a nucleic acid molecule encoding a polypeptide capable of binding, 
metabolizing, or rendering rewstant to cellular uptake, nutrients in the perivascular 
interstitial space of the tumor. 

5. A method according to any one of claims 1, 2, 3, or 4 wherein the gene 
delivery vehicle is a recombinant retroviral vector. 

6. A metiiod according to claim 1 wherein the gene delivery vehicle containing 
a nucldc add molecule encoding a polypq>tide capable of stimulating blood clot formation. 

7. A method according to claim 6 wherein the polypeptide is selected from the 
group consisting of Russell's viper vaiom factor X-activating factor, Russell's viper venom 
factor V-activating factor, tissue factor, truncated tissue factor, a truncated tissue factor- 
vascular endothelial growth factor fusion protein, cancer procoagulant, thrombin, and a 
thrombin-like enzyme. 
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8. A method according to daim 6 wherein the polypeptide is selected from the 
group consisting of von Willcbrand fector antigen n, endotheHal-monocyte-activating 
polypeptide I, cndothdial-monocyte-activating polypeptide n. tumor necrosis factor a. 
tumor necrosis fiwtor p. and the tissue fiwtor-inducing fiwtor from Rickettsia rickettsii. 

9. A method according to claim 8 wherein the thrombin-like enzyme is selected 
from the group consisting of thrombin-like enzymes from the venoms of Crotalus 
adamanteus (Crotalase). Crotalus horridus horridus, Agkistrodon Rhodostoma (Ancrod). 
Agkistrodcm contortrix contortrix. Ag^strodon acutus, Bothrops atrox (Batroxobin). 
Bothrops marajoensis. Bothrops moojeni, Trimeresurus gramineus. Trimeresurrts 
okinavensis and Bitis gaboiuca. 

10. A method according to claim I wherein the gene delivery vehicle comprises 
a nucleic add molecule encoding a polypeptide capable of inhibiting fibrinolysis. 

11. A method according to daim 7 wherein the polypeptide is selected from the 
group consisting of a2-antipla8niin, plasminogen activator inhibitor I, plasminogen 
activator inhibitor H. plasminogen activator inhibitor HI and Bythriruz proteinase 
inhibitors. 

12. A method according to claim 2 whcrdn the recombinant retroviral vector 
comprises a nucidc add molecule encoding a polypeptide capable of inhibiting tumor 
vascularization. 

13. A method according to daim 12 wherdn the polypeptide is selected from 
the group consisting of angiostatin. interferon a, interferon p. platelet factor.4. tissue 
inhibitors of metalloproteinases I, tissue inhibitors of metalloproteinases II. tissue inhibitors 
of metalloproteinases m. thrombospondin. the anti-angiogenic fragment of prolactm. 
heparinase, neutrdizing antibody fragments agdnst basic fibroblast growth factor, vascular 
endothdid cell growth fector and aVpj integrin. 

14 A metiiod according to ddm 3 wherdn the gene deUvery vehide comprises 
a raicldc add molecule encoding a polypeptide capd,le of activating a non-cytotoxic agent 
into a cytotoxic agent. 
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15. A method according to claim 3 \i^erein the polypeptide is seleaed from the 
group consisting of Herpes simplex virus tl^midine kinase, varicdla-zoster vims thymidine 
kinase, cytosine deaminase, Escherischia coli purine nucleoside phosphoryhise, Leishmania 
purine nucleoside phosphorylase, Escherischia coli xanthine-guanine phosphoribosyl 
transferase, the cytochrome P4S0 2B1 gene product, cytochrom p4S0 reductase cell 
surfiir«, alkaline phosphatase, p-glucosidase, N-deoxyribosyl transferase, ferrodoxin 
oxidoreductase, carboxypq>tidase G2, carboxypepttdase A, p pactamase, actinomycin D 
synthetase complex, and nitroreductase. 

16. A method according to claim 4 wherein the gene delivery vehicle comprises 
a nuddc acid molecule encoding a polypeptide capable of bindmg, metabolizing, or 
rendering resistant to cellular uptake, nutrients in the perivascular interstitial space of the 
tumor. 

17. A gene delivery vehicle containing a nucleic add molecule encoding a 
polypeptide capable of stimulating dot formation, 

18. A gene ddivery vehicle containing a nucleic acid molecule encoding a 
polypeptide capable of inhibiting fibrinolysis. 

19. A gene delivery vehicle containing a nucleic acid molecule coding for a 
polypeptide capable of inhibiting tumor vascularization. 

20. A gene delivery vdude containing a nucleic add molecule encoding a 
polypeptide capable of binding, metaboliang, or rendering resistant to cellular uptake; 
nutrient in the perivascular interstitial space of the tumor. 

21. A producer cell that produces a gene ddivery vehicle according to claim 1 7. 

22. A producer cell that produces a gene delivery vehicle according to claim 18. 

23. A producer cell that produces a gene delivery vehicle according to claim 19. 

24. A producer cell that produces a gene delivery vehicle according to claim 20. 

25. A target cell transduced with a gene delivery vehicle of claim 17. 
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26. A tugei cell transduced with a gene delivery vehicle of daim 18. 

27. A taisetcdl transduced with a gene ddh^veUde of daim 19. 

28. A target cell transduced imth a gene ddh^ vehicle of daim 20. 

29. A target cdl transduced with a gene deHvery vehicle of any of daims 17, 1 8, 
19, or 20 wherdn the recombinant vector is derived fiom a virus sdected from the group 
consisting of an adenovirus, a retrovirus, a pox virus, an alphavirus, a poliovirus, a 
rhinovirus, an influenza wus, a parvovirus* an adeno-associated virus, a Herpes virus, a 
SV40 virus, a human immunodefidency virus, a measles virus, an astn»anis, and a corona 
virus. 

30. A gene delivery vehide of claims 1, 2, 3, or 4 wherein the gene ddivery 
vdude is sdected from the group conasting of a viral vector, a nuddc add vector, a 
liposome, a polycation condensed nuddc add or a recombinant vector. 

31. A gene delivery vehide produced by the producer cell of claim 2 1 . 

32. A gene delivery vehide produced by the producer cdl of dwra 22. 

33 . A gene delivery vehicle produced by the producer cdl of daim 23 . 

34. A gene ddivety vehide produced by the producer cell of daim 24. 

35. A gene ddivery vdude according to any one of daims 31, 32, 33, or 34 
wherein the gene ddivery vdiide is sdected from the group consisting of an adenoviral 
partide. a retroviral partide, a poxviral particle, an alphaviral partide, a poHoviral partide, 
a rhinoviral particle, an influenza viral particle, a parvoviral partide. an adeno-associated 
viral particle, a herpes viral particle, a SV40 viral particle, a human immunodefidency viral 
particle, a measles viral partide, an astroviral partide, and a corona viral partide. 

36. A gene delivery vehide according to daim 35 wherdn the alphaviral partide 
is selected from the group consisting of SindbU virus, SemliJd Forest virus. Middleberg 
virus, Ross River virus, and Venezudan equine encephafitis virus. 
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37. A retroviral particle according to claim 35 wherein the gene delivery vehicle 
is selected from the group consisting of avian leukosis virus, bovine leukemia virus, murine 
leukemia virus, mink-ceO focus-indudng vims, murine sarcoma virus, reticuloendotheltosis 
vims, gibbon ape leukemia virus. Mason-Pfizer leukemia virus and rous sarcoma vims. 

38. A murine retroviral particle according to claim 37 wherein the retroviral 
particle is selected from the group conasting of Abelson, Friend, GraflB, Gross, Kristen, 
Harvey sarcoma, raucher and Moloney murine leutenia. 

39. A gene delivery vehicle according to any one of claims 31, 32, 33, or 34 
wherein the viral particle is replication defective. 

40. A pharmaceutical composition compriang a gene delivery vehicle of any of 
claims 3 1,32, 33, or 34. 

41. A gene delivery vehicle of any one of claims 31, 32, 33, or 34 that is 
lyophiiized. 

42. A gene delivery vehicle according to clum 35 that is lyophiiized. 

43. A lyophiiized gene delivery vehicle according to claim 42 wherein the gene 
delivery vehicle upon reconstitution is suitable for administration to humans. 

44. A gene delivery vehicle of any one of clsums 31, 32, 33, or 34 that is 
dehydrated. 

45. A gene delivery vehicle according to claim 3 5 that is dehydrated. 
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